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STUDIES IN THE VALUE OF ETHBEIZED SHEEP VACCINE 
IN THE PBOPHTLACTIC TREATMENT OF RABIES 

Part I 

THE EFFECT OF ETHER ON ‘ FIXED \HRUS ’ IN INFECTED 

BRAINS OF SHEEP 


BY 

jMajob K R K IYENGAR, i m s , 

AND 

W A BEER, I M D 

(From the Pasteur Institxcte oj Southern India, Coonoor ) 


IRecened for pubbcation, November 28, 19291 


Consider work has been done regaiding the use m anti-rabic treatment 
of a vaccme in "which the fixed ^^rus has been attenuated by ether This 
vaccme is given in considerably bigger doses than the carbolized vaccme 

With the possibihty of the introduction mto the Pasteur Institutes in 
India of treatment of patients "with ether vaccine, one must consider the use 
of other suitable ammals m addition to the rabbit Rabbits have been the 
animal of choice eAer since Pasteur’s "v^ork, but these are expensive and are not 
alwaj’-s easv to get in large numbers The Pasteur Institute at Calcutta uses 
the brains of lambs m the preparation of carbolized anti-rabic vaccine and the 
results of treatment obtained there are as good as those of other institutes in 
India The institutes at Coonoor and at Bombay occasionally supplement 
rabbits b5'- using sheep 

A senes of experiments as to the value of ether vaccine prepared from 
sheep’s brain mfected vnth our stock of ‘Fixed Virus’ in the prophylactic 
treatment of rabies are in progress The effect of ether on Fixed Virus sheep’s 
brain forms the subject matter of this commumcation 
J MR ( 1 ) 


1 


2 Eilieiized Slirrp Vaccine in Piopliylaciic Tirafnicnt of Pahes. 

Eipeiimcnt 1 

A sheep was inoculated subduially ^Mtll the Fixed Virus in use at this 
Institute The aninial developed labies on tlie 6th day, was moribund on the 
7th day and was killed the same day The biain of the animal was divided 
into foui equal portions and one of tliesc was suspended m ether for 72 hours 
and anothei foi 84 hours Si\ labbits weie inoculated under the dura-mater 
wuth 0 002 giamme of the 72-houi ethei biam and all of them showed definite 
signs of labies on the 6th day The same numbci of rabbits were used for 
84-hour ethei brain with identically the same icsults The viius in this 
expel iment w^as neither killed noi attenuated 

Expenment 2 

One-fourth of a Fixed Virus sheep’s brain wxas taken and under sterile 
conditions was chopped up into fine pieces and then suspended in ether in fine 
mesh stenle mosquito-netting bags 

(a) Six rabbits w'eie inoculated subdurally with an emulsion of sheep’s 
Fixed Virus biain that had been immersed in ether for 72 hours Three deve- 
loped rabies on the 6th day, one on the 7th day and one on the 8th day The 
labbit suiviving 30 days after infection wms subsequently inoculated with stock 
fixed virus and this developed labies on the 6th day 

(b) Six labbits w^eie inoculated subdurally wuth an emulsion of sheep’s 
Fixed Viius brain that had been immeised in ethei foi 84 houis Three deve- 
loped rabies on the 7th day and one on the 10th day The twm rabbits sur- 
viving 30 days after infection w'eie inoculated with stock fixed viius and these 
developed rabies on the 6th day, thus showing the absence of natuial immunity 

(c) Six rabbits were inoculated subduially wuth emulsion of sheep biain 
after suspension in ether foi 96 houis None developed labies The animals 
weie observed foi 30 days 

(d) Six rabbits w^ere inoculated subdurally wuth emulsion of sheep brain 
after suspension foi 120 houis in ethei None developed labies 30 days after 
infection 

The dose used foi testing infectivity in (a), (b), (c) and (d) was 0 002 
gramme of brain substance When the infected brain was chopped into fine 
pieces and then suspended in ether, the fixed viius w^as attenuated after 72 hours 
and killed aftei 96 hours 


Experiment 3 

Ether carbolized Fixed Virus vaccine— Poitions of fixed vnus sheep’s 
brain finely cut up weie immersed in ether for periods of 72 and 84 hours in 
mosquito-netting bags and then emulsified in 1 per cent carbolized saline 
After 24 hours standing at room temperature the emulsion was filtered and 
an equal quantity of sterile saline added to bring the finished vaccine to a 
1 per cent strength m 0 5 per cent carbolized saline 



8 


K R K lyenga) and W A Beeu 

(a) Si\ rabbits m ere inoculated “jubdurally with 0 2 c c of 72-hour ether 
carbohzed vaccine One developed rabies on the 7th day The remaining 
rabbits which showed no signs of rabies for 30 days after infection were 
subsequently inoculated subduralty with our stock fixed virus and all these 
developed rabies 

(b) Six rabbits were inoculated subdurally with 0 2 c c of 84-hour ethei 
carbohzed fixed virus sheep vaccine One developed rabies on the 8th day 
The five survivors 30 days after infection were subsequently inoculated sub- 
durally with stock fixed lurus and all developed rabies 

The addition of 1 pei cent carbolic acid to 72- and 84-hour ether brains 
causes marked attenuation of the fixed virus 


Experiment 4 

Ether carbohzed Eixed Virus vaccine — ^In this experiment, portions of fixed 
torus sheep brain finely cut up were immersed in ether for 72 hours and then 
emulsified in 1 per cent carbohzed sahne, mcubated at 37 °C for 24 hours, and 
subsequentlj’’ filtered and saline added to brmg the finished vaccine to a 1 per 
cent strength in 0 5 per cent carbohzed saline 

(а) Six rabbits were inoculated with 72-hour ether carbohzed fixed virus 
sheep vaccine None developed rabies 

(б) Six rabbits were inoculated wuth 84-hour ether carbohzed fixed virus 
sheep vaccine None developed rabies 

(c) Six rabbits w^ere inoculated w'lth 96-hour ether carbohzed fixed virus 
sheep vaccine None developed rabies 

(d) Six rabbits were inoculated tntli 108-hoiu ether carbohzed fixed virus 
sheep vaccme None developed rabies 

The ammals were kept under observation for 30 days 

The fixed virus is killed in 72-hour ether carbohzed vaccme incubated for 
24 hours at 37 °C 

Cornwall and Beer (1926) found that the fixed virus in use at the 
Institute in Coonoor was killed by immersion in ether for 48 hours They 
used half brains of fixed nrus rabbit’s biain 

Ahvisatos (1922) states that a 24 to 36 hours immersion of infected rabbit’s 
brain in ether is practically without effect, a 48 to 96 hours immersion lengthens 
the incubation in rabbits by 10 to 18 days, after 120 hours m ether the brain 
was not alw aj s virulent and finally the virus after 140 hours immersion was 
completely killed He was working wuth a different strain of fixed nrus 

Cunningham, Nicholas and Lahiri (1927) found marked attenuation of 
the iTTUs after immersion in ether for periods longer than 36 hours and no 
endence has been obtained of the inability of the vnus when the brain material 
has been immersed for periods longer than 84 hours 

In our experiments usmg infected brains of sheep we find the fixed virus 
IS much more resistant to ether than an infected rabbit’s brain 



4 Ethel ised Sheep Vaccine ui P) ophylactic T i eatineni of Rabies 

SUMMAHY 

The lesistance to ethci of the fixed vnus m use at the Pasteur Institute, 
Coonooi, has been tested by immersion of infected biains of slieep m the fluid, 
with the following lesults — 

1 When the biam is cut into laige pieces, 84-houi immeision has no 
effect 

2 When cut into fine pieces and then suspended in ether, theie is attenua- 
tion after 72 hours and death aftci 96 houis 

3 The addition of 1 pei cent caibohc acid to 72-hour cthei biain and 
subsequent incubation at 37 °C foi 24 houis, kills the fixed virus 
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In the leport of the Opium Commission of 1895, it was stated that the 
habit of taking opium prevails in excess among the population of low-lying, 
damp and malarious distiicts of India, and it was implied that this drug has 
an anti-malarial action Dr Roberts m his note said that the belief in the 
usefulness of opium in the complaints of damp and malarious districts was 
veiy widelj’- spread According to him the consumption of opium in the marshy 
districts of England was very large in the days when lands were undrained 
and malaria was prevalent The evidence laid before the Opium Commission 
showed th^t m some districts of India the local consumption of opium bore 
a close lelationship to the greater or less prevalence of malaria in the localities 
In determining the question from a scientific point of view as to what extent 
opium has the power to cme and prevent genuine malarial fever, Dr Roberts 
pointed out that the two important and abundant alkaloids occurring in opium 
aie morphia and narcotine or anarcotine Alorphia represents the anodyne and 
lupnotic properties of the drug and narcotme is a bitter cr 5 "stalline alkaloid 
resembling quinine and like that substance possesses tonic and anti-periodic 
properties A peiusal of Table I will show that in Patna or Behar opium the 
naicotine content is nearlv double that of morphia content In Main a opium 

( 5 ) 
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naicotine i-? ‘^hglith Inigci in qunntit\ than inuiplna, \slnlc in Smjrna opium 
the niorphin content is moic than 4 times that of naicotine 


T\m,K I 


Dc'^cnption of o])inm 

Morphitio 
pfr ant 

Nnrcotinf’ 
per cent 

Patna opium (Bcliar pro\ I'sion cakn) 

.TOS 

C-3G 

Malua opium 

-tci 

6*14 

Sm 3 rna opium 

S-27 

191 


Opium in malaiua 

So fai as the action of opium in malaria i*; conceincd, it has been shown 
in a pievious paper that tins drug is not much used at the pre'=ent time, as a 
household remedy for its supposed proph 5 *lnctic or curatne effects In some 
of the low-lying districts of the Punjab along the course of such rivers ns the 
Jhelum, the Chenab and the Indus, the climate is ^ery damp and a vnulent 
type of malaria prevails The spleen index in these areas is also very high 
but the consumption of opium is very small indeed, while in some of the com- 
paratively dry and healthier aieas the consumption is enoimous We have 
made careful inquiries in these aieas but we have not discoveied the existence 
of any belief among the rural or urban population in the anti-malanal pro- 
perties of opium in combating an attack or in pi eventing recunences There 
is no doubt that the mam factoi lesponsible foi the extent to wdiich the drug 
was used was the availability of opium in a paiticular locality When opium 
was grown in these very areas, its consumption was much gi eater than it is at 
the piesent time 

Opium on account of its sedative effects undoubtedly ameliorates the 
symptoms produced by malaria, but it has no curative action whatsoever in this 
disease Our everyday experience among opium addicts in the central districts 
of the Punjab convinced us that they suffered just as much from malaria as 
those who were not addicted to the drug, during the seasons when this disease 
was prevalent Opium has neither a prophylactic nor a curative action in the 
disease. 


Narcotine in malaria 

As regards the suggestion made by Dr Roberts that narcotine may pos- 
sibly be the alkaloid w'hich may have anti-malarial propeities, this belief 



THE ACTION OF OPIUM AND NARCOTINE IN MALARIA 


BY 

Ltlut -Colonel R N CHOPRA, m a , m d (Cantab ) , i m s , 

AND 

Lteot -Colonel R KNOWLES, i m s 

(Fwm the Department oj Pharmacology, Calcutta School of Tropical Medicine 

and Hygiene ) 

(Diug Addiction Senes No 6 ) 

[Received for publication, December 4, 1929 ] 

In the leport of the Opium Commission of 1895, it was stated that the 
habit of taking opium prevails in excess among the population of low-lying, 
damp and malarious distiicts of India, and it was implied that this drug has 
an anti-malarial action Dr Roberts m his note said that the belief in the 
usefulness of opium in the complaints of damp and malarious districts was 
veiy widelj’- spread According to him the consumption of opium in the marshy 
districts of England was very large in the days when lands were undrained 
and malaria was pievalent The evidence laid before the Opium Commission 
showed th^t m some districts of India the local consumption of opium bore 
a close lelationship to the greater or less prevalence of malaria in the localities 
In determining the question from a scientific point of view as to what extent 
opium has the power to cme and prevent genuine malaiial fever, Dr Roberts 
pointed out that the two important and abundant alkaloids occurring in opium 
aie morphia and narcotine or anarcotine Morphia represents the anodyne and 
lupnotic piopeities of the drug and narcotine is a bitter cr 5 ^stalline alkaloid 
resembling quinine and like that substance possesses tonic and anti-periodic 
properties A peiusal of Table I will show that in Patna or Behar opium the 
naicotine content is nearlv double that of morphia content In Main a opium 
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The Act'io'ii of Opnm and Naicofme in Malana 


ten da3^s he leceived 84 giains of the alkaloid Table II gives the details 
regal ding this patient 


Table II 


Date 

Treatment 

Ti MPFR-ATunr (Dronn s 
FAnnrNHFiT) 

Numbei of paia- 
sttcs m blood. 

REMAaKS 



Ma\imnm 

Minimum 

per c mm 


lG-7-29 


99-0 

OS'O 



17-7-29 

Narcotme gr in, 
b 

103-0 

oro 

j 

P malaricr pre- 
sent m the 
blood 


lS-7-29 

Do 

103 8 

970 



19-7-29 

Do 

98-0 

97 0 



20-7-29 

Do 

102-0 

97 6 



21-7-29 

Do 

100 6 

97 0 

» 


22-7-29 

Narcotme gr in, 
t d s 1 

98-0 

i 

i 

97-0 

Troplio/oitcs 530 
per c mm 

Gametocytes 33 
per c mm 


23-7-29 

Do 

104 4 

96 8 

1 700 


24-7-29 

Narcotme gr in, 
4 times daily 

102-8 

99-6 

50 


25-7-29 

Do 

102-0 

99-2 

45 


26-7-29 

Do 

100-0 

98-6 

367 


27-7-29 

Mist quinine 

sulpli , ^ 1 , t d„s 

103 0 

99 0 

150 


28-7-29 

Do 

98-0 

97 0 

Nopaiasites seen 


29-7-29 

Do 

97 0 

96*0 





Temperature lemamed 
normal 




It will be obseived that even 12 grams of narcotme per day had no effect 
whatsoevei on the clinical symptoms of the patient The number of parasites 
vaiied but they still peisisted in the blood The patient tolerated the drug 
well and it appealed to amelioiate the symptoms and discomfoit pioduced by 
the disease As soon as the patient was put on quinine, the tempeiatuie came 
down and the parasites disappeared from the penpheial blood 

Case 2 — The patient was a female child 8 yeais old, suffeimg from benign 
teitian infection, trophozoites (P vwav) were found m the penpheial blood 


i? N Chop) a a))d It Kiioivles 9 

Details of the condition and the number of parasites present in the blood are 
given in Table III 


Tabuu III 


Date 

Treatment 

TEMCERATUnE (DEGREES 
FAHnEKHErr) 

Number of para- 
sites lu blood per 
emm 

Remarks 

Maximum 

Mimmiira 

l-S-29 


103*0 

100*0 

950 (P vwax) 


2-S-29 

Narcotme gr ii, 
t ds 

103*0 

100*0 

1,000 


3-S-29 

Do 

1015 

99*2 

628 


4-8-29 

Do 

99 8 

98*4 



5-8-29 

Do 

100*4 

98*4 

320 


G-8-29 

Do 

99 4 

99*0 

556 


7-8-29 

Do 

1010 

984 

1350 


8-8-29 

Do 

100*8 

98 4 

2,200 


9-8-29 

Do 

1015 

984 

2,300 


10-8-29 

Bo 

102*4 

98*4 

1040 


lI-S-29 

Do 

1 1012 

984 



12-8-29 

Mist qumme 

salpli tds 

! 102-4 

i 

1 

98*4 

1600 


13-8-29 

Do 

1 99*0 

i 

i 

98*0 

Parasites dis- 

appeared from 
the penpberal 
blood 



It vnll be seen that narcotme in doses of two grains three times a day 
administeied for a period of ten days had no effect on the clinical symptoms of 
the disease The patient was getting rigors and was becoming ansemic The 
nuinbci of parasites piesent per emm of blood increased to moie than 
double the number originally present while narcotme was being administered 
Quinine was given on the 11th dav aftei administration and the temperature 
of the patient became normal immediatelv and the parasites disappeared from 
the penpheiai blood and other clinical symptoms abated 

Case 3 — ^This patient was a female child aged 8 j’-ears who suffered from 
a mixed infection of benign and malignant tertian fever Ring forms of 
P vivax and P jalciparurn nere both found in the peiipheral blood A perusal 
01 Table IV shows that narcotme m doses of two grains three times a day had 
no effect on the temperature and the number of parasites actually increased 
As soon as quinine was administered the temperature came down to normal 
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Table IV 


Date 

Treatment 

TEMPEIlATUnE (DeGHEES 
Fahrenheit) 

1 Total count of parasites 

MaMmiim 

Minimum 

m blood per 

c mm 

1-8-29 


1 

105*0 

98*0 

P falciparum 

3;279 

2-8-29 

Narcotme gr ji, t d.s 

103*0 

98*0 

P vivax 

P falciparum 

1,733 

667 

3-8-29 

Mist quinine sulph , 
bd 

104 0 

98*4 

P vivax 
! P falciparum 

1,308 

3,077 

4-8-29 

Do 

99 0 

98*0 

No parasites seen 


Case 4— This patient was suffering from malignant tertian infection and 
P falcipantm trophozoites and gametocj^tes were found m the peripheral blood. 
He was given 3 grains of narcotine 3 times a day for 3 daj’^s and for two 
succeeding days 3 grains four times a da}*- A perusal of Table V will show 
that even 12 giains of the alkaloid daily had no effect on the clinical symptoms 
of the patient The number of paiasites present per c mm of blood remained 
practically the same aftei 51 giains of narcotme has been given, 10 grains of 
quinine sulphate given twice daily brought down the temperature immediately 
and the parasites disappeared from the peiipheral blood 


Table V 


Date 

Treatment 

Temperature (Degrees 
Fahrenheit) 

Total count of parasites 

Maximum 

Minimum 

m blood per 

c mm 

22-7-29 

Narcotme gr in 

, td.s 


98*4 

Trophozoites 

Gametocytes 

3,667 

66 

23-7-29 

Do 


99*8 

97 4 

Parasites 

40 

24-7-29 

Do 


995 

97*4 

Do 

971 

25-7-29 

Narcotme gr 
times 

111, 4 

99*0 

97*5 

Do 

100 

26-7-29 

Do 

j 

99*4 


Do 

600 

27-7-29 

Mist quinine 
^1, bd 

sulph , 

99*8 

98*0 

Do 

3,200 

28-7-29 

Do 




No parasites i 

seen 




Temperature remained 
normal 
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Qfise 5 — ^This patient suffered from a mixed malignant tertian and benign 
tertian infection and before Ins admission to hospital was having rigors and 
fever every alternate day Trophozoites of P falciparum and P vivax were 
found in the peripheial blood Narcotme in doses of three grains three times 
a day wfjs given for 2 days The dose was then increased four grams four times 
a day for two more days Although the patient was not showing any symptoms 
of the disease, the malarial parasites present in the blood were not affected so 
far as their nuniber was concerned Some parasites appeared to show degene- 
ration but this was probably due to the fact that the patient was undergoing 
a spontaneous cure, and not due to any effect on the part of narcotme 

Table TI 


Date 

Treatment 

Temperatur] 

Fahbeis 

Maximum 

I 

E (Degrees 

!HE1T) 

1 

' 1 

Minimum ! 

Total count of parasites 
in blood per c mm 

22-7-29 


99-2 

97-0 

P vivax 

133 





P Jalctparum 

267 

23-7-29 

Narcotme gr iii, td^ 

98-0 

97-4 

P vivax 

200 

24-7-29 

Do 

98-0 

1 

97 0 

Do 

100 

25-7-29 

Narcotme gr iv, 4 

956 

97 0 

Do 

99 


times a day 





26-7-29 

Do 

98*4 

97 5 

Do 

50 

27-7-29 

Mist quinine sulph , 

88-0 

OT-O 

Do 

450 


^1, t d^ 

1 








No parasites seen 



Case 6 — This patient was suffering from malignant tertian infection and 
showed P falciparum rings Narcotme 3 grains was given three times a day 
but had little effect on the number of parasites present in the peripheral blood 
The temperature came down in this patient the day after narcotme was 
administered, but the parasites were found m the blood daily even after 45 
grams of narcotme had been admimstered Administration of quinine produced 
immediate effect and the parasites disappeared The details of this patient 
are found in Table ^ 
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Table YIl 


Dale 

Ticafinont 


^ Ti MT’i iiATMti (Dmins 
Fahhi mu it) 

1 

1 Tolnl count of parasites 


t 

j M'lMmiim 

Minimum 

m Idood per 

c mm 

1-8-29 



1 

' 99-4 

98*4 

i /’ jnlnpnrurn 

314 

2-S-29 

Nnrcotine pi ii 

, bd.s 

i 102*8 

98*0 

i 


3-8-29 

Do do 

i d.s 

99*8 

1 

98*4 

1 

1 

100 

4-8-29 

Do do 

do 

98*4 

98*0 j 

1 

1 


5-8-29 

Do do 

1 

do 

99 0 

98*4 1 

1 

None seen 


G-S-29 

Do do 

do 

98*8 

98*4 ! 

1 

P jalnparmn 

50 

7-8-29 

Omit mrcotine 


99*0 

1 9?4 


40 

8-8-29 



99*2 

98*0 j 


250 

9-8-29 

Mist qiiinmo 
b d 

Slllpll 

98*4 

97 0 1 



10-8-29 



99*0 

98-0 

None seen 





Tempenture romninod 
normnl 




Discussion of results 

A study of the above cases will show that naicotme even m large doses 
had no effect whatevei on the parasites of P malanx, P vwa% oi P falcipamm 
cii dilating in the peripheral blood The micioscopic appeal ance of the paia- 
sites did not show any changes and the virility of the paiasites lemained 
iinalteied inasmuch as they giew quite well in cultuies made fiom the blood 
of patients under naicotme treatment The administration of quinine produced 
a lemaikable effect in these cases, the paiasites disappeaied immediately after 
the drug was given and the temperature came down to normal Even such 
laige doses of naicotme as 4 grams 4 times a day pioduced no untowaid effects 
on the patients On the other hand the symptoms of the disease appeared to 
be amehoiated and the patients looked moie comfoi table undei the influence 
of the alkaloid even when they weie lunnmg a tempeiature 

Besides the series of cases given above m which the effects of drug were 
thoioughly obseived with counts of parasites and cultures, two other small 
series weie tped, one bj'’ Majoi Keinahan, ims, m Peshawai and the other 
by Dr Belgaf:d m Bengal It is not necessary to give details of these senes 
but m none ok them the drug showed any maiked cuiative propeities m this 

disease 
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CoNCliTJSIONS 

(1) Theie is no evidence to show that opium has any prophylactic or 
ciuative effect in malaria 

(2) The alkaloid narcotme even in such laige doses as 10 to 15 grams daily 
has no effect on the paiasites of any forms of malaiia circulating m the peri- 
pheial blood The tempeiatme of the patient remains unaffected and rigors 
and paroxysms continue 
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It is a common belief among tbe people in India that small doses of 
opium produce beneficial effects in those suffering from diabetes In Bengal 
where glycosuria is frequently met with among the well-to-do classes and also 
m other parts of India, it is not uncommon to meet people who take small 
doses of this drug with apparent improvement in the clinical symptoms which 
accompany this condition, e g , polyuria, thirst, etc The sugar present m the 
urine is also reduced and may entirely disappear As we were unable to find 
in the literature any record of systematic investigation of the effects of small 
doses of opium on the blood-sugar and urine-sugar of diabetics, we decided to 
carry out observation on a series of our patients in the Carmichael Hospital 
for Tropical Diseases 

The patients suffering from this disease were put on a balanced diet so 
that the excretion of sugar in the urine was more or less uniform The study 
of the influence of any drug on diabetes cannot be made without the full 
realization of the fact that the results are only of value if we know what the 
food intake is and what effect the quantity of carbohydrates allowed produces 
on the blood and urme-sugar The patients were, therefore, kept strictly on 
the same diet, beginnmg a few days before tne drug under trial was tested and 
carried on for a few days after the drug was stopped All the patients were 
put on a strict diet of knonm value and some little time was allowed before the 
administration of the drug, to get the daily output of sugar in urme to run to 
a constant level The drug was then given in gradually increasing doses, the 
total daily output of urme and of sugar excreted were carefully measured every 
day and the blood-sugar examined at regular intervals The patients were 
also regularly weighed Great care was taken to maintam the same standard 

( 16 ) 
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diet tlnoughout the test and a]<;o to the ])iopci contiol period liefoie and after 
the administiation of the chug Opium adnnnisfcci cd in foini of a mixture 

so constituted that one ounce contained 1 giain of the drug The taste and 
smell of opium wcic elTectiveh concealed bv putting in oil of citionclla so that 
the patient had no idea as to tlie natuic of the diug he A\as taking This was 
done to exclude tlie psychic element Tlie initial dose liias 1 to 2 giains a clay 
and this was increased eveiy 3id oi 4th day by 1 giain till about 6 to 8 grains 
weic taken daily In some ca^^cs 10 to 12 grains were given in this way 
without the least discomfoit to the patient The chug nas then stopped either 
suddenly oi by a giaclual i eduction of the dosage 

Case 1 — J P D , Hindu male, aged 35 years, admitted to hospital, suffer- 
ing fiom mild type of diabetes Fathci sulTcied fiom the disease Sugar first 
noticed m the in me a month ago, now complains of timst but no maiked 
polyuria oi mci eased fiequeuc}'- of mictinition Habits sedentaij’-, looks some- 
wdiat stout but appeal aiicc not unhealthx’- Opium treatment fiom 21st August, 
1928 to 30th August, 1928, total quantity given 22 giains 


Table I 


Date 

Urinc 

Total 
quantity , 
in cc i 

Sugar 
per cent 

Total sugar 
in grms 

16 - 8-28 

2,040 1 

2*0 

40-8 

17 - 8-28 

2,160 1 

1*6 

34 5 

18 - 8-28 

1,500 1 

20 

80 r 0 

20 - 8-28 

1,200 

2*0 

240 

21 - 8-28 

1,040 

25 

j 

25 0 

i 

22 - 8-28 

2,040 

12 

24 4 

23 - 8-28 

1,590 

2*5 

397 

24 - 8-28 

1,680 

16 

268 

25 - 8-28 

900 

1 2*0 

i 

18*0 

26 - 8-28 

• 



27 - 8-28 

1,560 

! 10 

15 0 

28 - 8-28 

1,740 

05 

8*0 

29 - 8-28 

1,200 

0*5 

60 

30 - 8-28 

1,800 

0-4 

72 

31 - 8-28 

2,040 

0*3 

6*0 


Blood-siigfii Body-weight 
per cent in Jb 


Opium 
administered 
daily in giains 


0-230 1501 


1 

1491 1 

0280 2 

2 

2 

1511 2 

4 
4 
2 

0-186 2 

Omitted 

Total 22 
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A perusal of Table I will show that this patient showed slight improve- 
ment as regards the quantity of urme passed, but decided improvement as 
regards the percentage of sugar in the urme and the total quantity of sugar 
excreted The blood-sugar vas also reduced though it still remained above 
normal 

Case 2 — N G D , Hindu male, aged 50 years, a mild case of diabetes 
Patches of leucoderma all over the body Put on opium from 31st March, 
1928 to 24th April, 1928, total quantity given 52 grains 


Table II 



UniNE 

Blood-sugar 
per cent 

Opium 
administered 
daily in grains 

Date 

Total quantity 
m cc 

Percentage of 
sugar 

Total sugar 
in grins 

31-3-28 

1,500 

5-0 

75 0 


1 

2-4-28 

1,080 

55 

59 4 


1 

3-4-28 

840 

6-2 

52*0 


1 

4r4-28 

1,200 

50 

60*0 


2 

5-4-28 

1,080 

45 

48*0 

0186 

2 

9-4-28 

1,680 

2*0 

33 6 

• • 

2 

10-4-28 

1,080 

2*0 

216 


3 

11-4-28 

1,080 

1*6 

17*2 


3 

12-4-28 

1,470 

0^ 

29*4 

0*169 

4 

13-4-28 

1,200 

2*0 

24 0 


4 

14-4-28 

1,200 

12 

144 


4 

16-4-28 

780 

10 

78 

0*113 

4 

17-4-28 

1,500 

0*6 

95 


4 

18-4-28 

1,260 

0*6 

75 


4 

19-4-28 

900 

Traces 



4 

20-4-28 

1,200 

Nil 



4 

21-4-28 

960 

Nil 



4 

23-4-28 

1,140 

Traces 



1 

24-4-28 

720 

18 

12*9 



25-4-28 

900 

Nil 

NU 



2G-4-2S 

900 

Nil 

NU 

0*110 

Omitted 

Totaii 

52 

J, MB 


2 
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It will be seen fioin (lie iomiKs given in 'ffible II lliai (lie output of 
luinan Higai in this paiicnl wa^- teihued to nil imdei opium .uid the blood- 
sugai bi ought down to noiinal The geneinl condition of the patient improved 
veiy much 

Case 3 — A M, Hindu male aged dO \eai'^, a inodciatch scvcic case 
of diabetes Symptoms fust aiiiieaied about a jcai ago, now suffers from 
pobiuca, thiist, sciatica Put on opium fiom 24th .lanu'in. 1928 to 9th 
Fcbiuaiv 192S. total quantity an on 31 giains 

Tabix III 




UniiNF 



1 

I 

Date 

Total 
qu uititv 
in c c 

Pel con (ape 
of sugar 

1 

1 Total siigai 
j in guns 

! 

Uloocl-sngai 
per cent 

1 dali^ mgiains 

i 

23-1-28 

900 

2-9 

1 278 

llSi 

1 

1 

24-1 -28 

1,800 

2*2 

39-6 


' 1 

25-1-2S 

1,500 

2-5 1 

375 

119} 

! 1 

20-1-28 

1,440 

2*5 

34 7 

0-170 

i 


1 

2S-I-2S , 

1,440 
’ 1 

2-3 ! 

! 331 

1 


1 

29-1-28 , 

I 

1 

' i 

1 

1 

1 

121 

1 

30-1-28 ( 

1,380 ' 

2*3 

31*7 


2 

31-1-28 * 

1,200 [ 

i 

20 

24 0 

1 


2 

1-2-28 ' 

1,200 1 

16 

20*1 ' 

1 

117 j 

3 

2-2-28 

1,380 i 

18 j 

248 

0170 , 

116} 

3 

3-2-28 

1,260 

1*0 

12-6 

i 

3 

4-2-28 

1,140 

11 

125 

1 

1 t 

3 

5-2-28 



' 1 
1 

1 

1 

3 

6-2-28 

1,050 

10 

j 1(T5 



2 

7-2-28 

1,140 

0-9 

o 

1 

1 1 

i 

2 

8-2-28 

1,200 

06 

1 72 1 


2 

9-2-28 

840 

Traces 

1 

1 


Omitted 

- 




Total 

31 


I 


A peiusal of the lesults given in Table III shows that there wms a definite 
impiovement legaidmg the output of the iiimaiy sugai, though the blood-sugai 
did not show much decrease The geneial condition of the patient also 

impioved 
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Case 4 — A K , iMaliominedan male, aged 55 yeais, admitted to the hospital 
suffeimg fiom modeiately seveie diabetes Siigai fiist discoveied a shoit time 
ago, complains of weakness, pains in the bod^, fiequenc}" of inictmition and 
thnst Put on opium fiom 25th Febiuaiv, 1928 to 17th Maich, 1928 leceiving 
a total quantity of 57 grams 


Table IV 


1 

D'lte 1 

1 

1 

1 

Total 
quantity 
m cc 

TJRI^E 

1 

Pei centage 
of sugar 

1 

Total sugar 
in grm‘5 | 

1 

Blood-sugar Bodj -weight 
pel cent m lb 

Opium 
admimsteied 
daib m grains 

24-2-28 

3,540 

7 5 

265 5 

1 

0 234 1 

j 

119i 1 


25-2-28 

4,080 

” ; 

288 6 1 



2 

27-2-28 ! 

1 3 480 

1 

8-2 

2880 


1164 

2 

28-2-28 

3,480 

8*2 1 

2880 



2 

29-2-28 

3 360 

8-2 

275 5 


120 

3 

1-3-28 

3,240 

8-2 

265 5 

8240 

i 

i 

3 

2-3-28 

3780 

71 

2680 j 



3 

3-3-28 

3 600 

* 76 

1 

2786 j 

1 


1 3 

4-3-28 

3 300 

8’2 

270-6 1 

1 

116 

3 

7-3-28 

4 500 

8-3 

3785 

i 


t 

3 

8-3-28 

3 900 

8-7 I 

1 1 

3397 

825 

115 

3 

9-3-28 

3 450 

1 7-1 

245 0 



; 4 

10-3-28 

3 900 

1 I 

323 7 



S 4 

12-3-28 

4,500 

70 

315 0 


1 

1 

2 

13-3-28 

3 600 

80 

2880 


1 

2 

14-3-28 

3140 

8-3 

260 6 


1 

> 2 

15-3-28 

3,000 

' 83 

249-0 

0 264 

i 

1 

1 2 

16-3-28 

1 3 240 

! 83 

268 9 


1 

i 

i 

2 

17-3-28 

3 000 

( 

1 83 

1 

249-0 


1 

I 

Omitted 


A study of the results giyen in Table W shows that there was neither any 
impioyement in the output of the uiinaiy sugar nor any i eduction in the 
blood-sugar content The geneial condition of the patient, howeyer, improyed 
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Case 5 — S C M , Hindu male, aged 45 yeai s, adinillcd to the hospital 
suffenng fioin a model aloly ^c\cve foim of diabetes of long standing He 
y as gnen ticatmcnt with opium fiom 5th .Tune, 1928 to 25th June, 1928 icceiving 
altogether 60 grams 


Tabli! V. 


Date 

UniNF 

Blood-sugar 
per cent 

Opium 
administered 
daib' in grams 

Total quantity' 
in c c 

Percent ape of 
sugar 

Total sugar 
in grins 

5-6-28 

3,600 

70 

252 0 


1 

6-0-28 

2,880 

7-1 

1910 


1 

7-6-28 

2,520 

7'1 

178-9 

0275 

1 

8-6-2S 

2,700 

02 

icri 


1 

9-6-28 

2,220 

ffC 

1465 


2 

11-6-28 

3,600 

6-2 

223 2 


2 

12-6-28 

2,880 

71 

204 0 


3 

13-6-28 

2,820 

02 

200*0 


3 

14-6-28 

2,220 

71 

157 6 

0*240 

3 

15-6-28 

2,100 

T1 

I 149-1 

1 

1 

3 

16-6-28 

2,700 

71 

1917 


3 

18-6-28 

2,400 

8-3 

199*2 

• 

4 

19-6-28 

2,280 

8-3 

182*0 


4 

20-6-28 

2,280 

70 

159 6 


4 

21-6-28 

2,780 

55 

152*9 

0*212 

4 

22-6-28 

2,640 

1 

70 

184 8 


4 

23-6-28 i 

3,180 

80 

254 4 


6 

25-6-28 

2,620 

7*5 

1 

1886 


Omitted 


- 



Total i 

60 


A perusal of Table V shows that there was no appreciable improvement 
either m the urinary output of sugar oi any reduction of blood-sugar. 

Case 6— R S, admitted to the hospital suffeimg from a seveie foim of 
diabetes of long standing Opium tieatment w'as given fiom 2nd October, 1928 
to 22nd October, 1928, a total of 83 giams being admimsteied 
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Table VI 



Urine 


Opium 

administered 




1 


Blood-sugar 

Remarks 

Date 

Total 

Percent- 

Total 

per cent 

daily in 

quantity 

age o£ 

sugar 


grains 



in cc 

sugar 

in grms 




2-10-28 

1,980 

50 

99 

0-390 

1 

Headache all day and 
diowsy 

3-10-28 

1,860 

50 

93 


2 


4-10-28 

1,800 

50 

90 


2 


5-10-28 

1,800 

5-0 

90 


2 


6-10-28 

1,740 

50 

87 


3 


8-10-28 

1,800 

50 

90 


3 


9-10-28 

1,980 

5*0 

90 


4 


10-10-28 

1,500 

40 

79 


4 


11-10-28 


50 

75 

0-400 

4 

Patient complains of a 
headache off and on, 
and drowsiness during 

12-10-28 

1,440 

50 

72 


S 



the greater part of the 

13-10-28 

1,560 

45 

70 


5 

day No other marked 
sj'mptoms, tongue dry, 

15-10-28 

1,500 

45 

60 


5 

intense thirst 

16-10-28 

1,800 

50 

90 


5 

Patient very drowsy all 



evening Headache 

17-10-28 

2,100 

40 

84 

0-440 

6 

and intense thirst 

22-10-28 





Omitted 


Totad 

83 



A perusal of Table VI will show that there was no appreciable reduction 
m the output of the urinary sugar The blood-sugar as a matter of fact 
increased r\ath larger doses of the drug and the patient complained of more or 
less continuous headache throughout the treatment The general condition of 
the patient did not improve at all 

Case 7 — N K L , Hindu male, aged 28 years, suffering from a mild form 
of diabetes Polyuria started 3 months ago Complains of loss of strength, 
suffers • from poh dipsia, polyphagia and impotence Knee jeiks increased 
Opium treatment fiom 12th hla>, 1928 to 6th June, 1928, received a total of 
57 grains 




'Hie A(hou of Opinm ni Diahclcb. 

tadle vn 




UltlM 



1 

Date 

Total 
qaanlifv 
in c c 

PrironlaRC 
of snpar 

Tot il ancar 
m Rrnia 

Bloorl-anpnr 
per cent 

1 

d.aily in grams 

1 

J2-5-2S 

> 820 

3 I 

1 

.37 f 

1 

120 

1 

1 

H-^-2S 

2 280 

1 n 

70*8 


1 

15-5-28 

2 580 

38 

08 0 ' 


, 2 

I 6-5-28 

I 680 

4 5 

75 6 

12.81 

2 

17-5-28 

1 740 

4 0 

60 6 

0 126 


2 

18-5-28 

1 620 

4 0 

61.8 


3 

10-5-28 

I 560 

3*1 

48*3 


3 

20-5-28 




» 

1203 

3 

21-5-2S 

000 

4 0 

36*0 


3 

22-5-28 

1 560 

1 4 

21 .8 


3 

23-5-28 

1 500 

20 

30 0 

129? 

4 

24-5-28 

I 200 

2*0 

21 0 

0*112 


4 

25-5-28 

I 110 

1 2 

133 



4 

26-5-28 

I 200 

2 5 

30 0 



4 

27-5-28 





1291 

4 

28-5-28 

1 020 

0*0 

91 



2 

29-5-28 

1 200 j 

2 5 

30*0 j 

, 

2 

30-5-28 

1 140 

20 

22 8 i 

1 

129? 

2 

31-5-28 

1 260 

n o 

30 

40.5 

0146 


2 

1-6-28 

1 140 

30 

34 2 



1 

2-6-28 

1 140 

27 

30 7 



1 

3-6-28 





1291 

1 

4-6-28 

1200 

30 

36 0 



1 

5-6-28 

780 

30 

23 4 



1 

6-6-28 

840 




120 

Omitted 


A perusal of Table VII shows that the output of the uiinaiy sugai fluctuated 
a lot though it did come down to some extent The blood-sugar and the 
body -weight remained moie oi less stationarj’’ 


E N Chop) a mid J P Bose 


23 


(7f,sc 8 — Mis E, an Anglo-Indian female, aged 59 veai'^, siifteiing fiom 
modeiatelv severe form of diabetes Sugar first discoveied two years ago 
Sufieis from polymia low fevei m tbe evening and pain on the right side of 
the abdomen Opium tieatment given fiom 13tb September, 1928 to 5tb 
October 1928, a total of 45 grains being admmisteied 


Table nil 



Urinl 


Date 

1 

Total qinntita 
m c c 

Poiccntipc of 
s\\fv\r 

Total siifrai 
m "1 ms 

1 Blootl-'Jiisai 

I ppi cent 

1 

i 

Opium 
administered 
daily in grams 

I3-9-2S 

1 

3 240 1 

0-0 

1 

0*0 

1 

0190 

1 

14-9-2S 

3 620 

00 

OP 

1 

15-9-28 

3 620 

00 

00 

1 

16-9-2S 



1 

1 

17-9-28 

5 420 

00 

00 

1 

18-9-28 

3 020 

0*0 ' 

OP 1 

1 

19-9-2S 

4 020 

00 1 

00 1 

2 

20-9-28 

5 250 

00 

00 

0186 

2 

21-9-28 

3 920 

OP , 

OP 1 

2 

22-9-28 

4 290 

OP 

00 1 

2 

24-9-28 

4,920 

00 


2 

25-9-28 

3 000 

OP 

OP 1 

2 

26-9-28 

3 540 

00 


2 

27-9-28 

3 780 

OP 

00 

1 0 262 

2 

2S-9-2S 

2 660 

i OP 

00 j 

1 ^ 

29-9-28 

2 940 

^ OP 

00 


I 2 

1-10-28 

2 420 

1 OP 

OP ' 

1 

2 

2-10-28 

3120 

OP 

OP 


2 

3-10-28 

3 450 

OP 

00 

1 

2 

4-10-28 

2 120 

OP 

OP 

I 

3 

5-10-28 

3,600 

OP 

00 


3 

6-10-28 

3 570 

op 

OP 


3 


It Mill be veen fiom Table YIII that the urine Ma« sugar-free and m this 
ta.c the action of opium on the blood-sugar only was studied It will be 


24 


The Jdiofi of Opiiioi in Dialxifvs 


obseivcd ihat the blood-'?ugni ‘'bo\\cd a definite incrcnse The noteworthy 
feature in tins ease is that though the sugni in the blood ro'^e to 0 262 per cent 
no sugar appealed in the in me '^bowing a use in the threshold level of the 
kidneys Tlic gcneial condition of the jiatient improicd 

Case 9 — S P, Hindu male, aged 52 jc'”") ‘•uffciing fiom a mild form of 
diabetes of 10 ■scars’ duiation Hecened ticalmcnt with opium from 9th 
March, 1929 to 4th April, 1929, a total of 107 giains haring gnen 


Tablu IX 


Date 

Total 
quantity 
in c c 

Unl^E 

Percentage 
of augar 

Total sugar 
in grnis 

Blood-sugar 
per cent 

■ Bodj -•neigh 
in III 

Opium 

^ administered 
daily in grams 

5-3-29 

960 

50 

48*0 


133 


7-3-29 

1,260 

50 

63 0 

0*240 



8-3-29 

1,680 

40 

67*0 




9-3-29 

2,100 

3-3 

1 69*0 



2 

11-3-29 

1,680 

3*5 

1 58*0 


134 

2 

12-3-29 

1,920 

2*0 

I 38*0 



3 

13-3-29 





135 


14-3-29 

2,280 

2*0 

45 0 



3 

15-3-29 

1,800 

2*5 

45 0 

0165 


3 

16-3-29 

1,740 

20 

34 0 




17-3-29 





1353 


18-3-29 






4 

19-3-29 

2,340 

10 

23 0 



4 

20-3-29 

2,160 

05 

10-0 



4 

21-3-29 

1,680 

10 

16*0 

0176 


4 

22-3-29 

1,740 

10 

17 0 



4 

23-3-29 

1,380 

10 

14 0 



4 

24-3-29 





135 

4 

25-3-29 



1 




26-3-29 

1,380 

10 

14 0 1 



5 

27-3-29 

2,520 

1 1 

27 0 


1353 

5 

28-3-29 

1,080 

2*0 

210 

0*173 


5 

29-3-29 






6 

30-3-29 

1,620 

ro 

160 



6 

31-3-29 



10 0 


132i 

6 

1-4-29 

2,040 

0*5 



6 

2-4-29 

1,140 

0*6 

70 


1323 

6 

3- 4-29 

4- 4-29 

1,200 

1,680 

Traces 

Traces 



6 

Omitted 


It will be seen that theie is an appreciable reduction m the sugar output 
as well as in the blood-sugar The body- weight steadily increased in the earlier 
part of the treatment and the patient felt quite well All the subjective 
symptoms disappeared 

Case 10 {Case 9 on a second course) —After opium was stopped foi 3 days 
in Case 9 the sugai m urine again increased A second couise of opium 
treatment was given to see if the administiation of the diug will lender the 
urine sugar-free again 
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XJkine 

Blood-sugar ] 
per cent 

Body-^^ eight 
in lb 

Opium 
administered 
daUy in grams 

Date 

Total 
quantity 
in c c 

Percentage 
of sugar 

Total sugar 
ingrms 

5-4-29 

1,740 

Traces 





6-4-29 

2,340 

Ft traces 





8-4-29 

2,100 

1-2 

250 


130 

1 

9-4-29 

1,140 

3*3 

37 0 



1 

10-4-29 

1,680 

20 

33 0 


130i 

1 

11-4-29 

1,200 

20 

24 0 

0-118 


4 

12-4-29 

1,800 

10 

8*0 




13-4-29 





132 


15-4-29 

1,200 

16 

19-0 



6 

16-4-29 

1,560 

Nil 

0-0 



6 

17-4-29 

1,800 

NU 

0-0 


130i 

6 

18-4-29 

2,280 

Nil 

00 

0-130 


4 

19-4-29 




• 



20-4-29 

2,180 

Nil 

(TO 



4 

21-4-29 





132 

4 

22-4-29 

1,580 

NU 

OrO 



4 

23-4-29 




0T30 


Omitted- 


A perusal of Table X shows that after the administration of 25 grains 
the sugar disappeared from the urine again but a slight increase of blood-sugar 
occurred The general condition of the patient improved and the weight 
mcreased slightly 

Discussion of besults 

Effect of opnim on the urinary output — A. study of the figures given m 
the above tables shows that so far as the daily urinary output is concerned 
the results were more or less variable Of the 10 cases under report in the 
present paper, there was appreciable reduction m the quantity of urine in one 
case only, slight reduction in 2 cases, variable reduction in 3 cases and prac- 
tically no reduction m 4 cases The drug does not appear to exert any marked 
influence m reducing polyuria especially m severe type of the disease 

Effect on the daily sugar excretion — ^In the earlj and mild cases of 
diabetes the drug exerted a well-marked influence m reducing the total sugar 
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output to a considerable extent and in ‘;onic patients it cntiiclv disappeared 
from the urine This pailioiilail^ Die cn^o nilli jiatients who sutTered 
from a nuld type of the disca'^c (Cases 1 aiui 3) In inoderatcK '•cvcic eases 
of diabetes of long 'standing, on the othci hand the ding appears to lia^c little 
or no influence in i educing the total outjiut of sugai in the urine 

Eijcct on the hlood-sufini — Optuin <Iid not 'ijipeai to pioducc niiicli 
reduction m the amount of blood-sugai in cailv and mild oases of diabetes as 
it did on tlie urinary sugai In one oa*5c onU (Ca'^e 2) yhcie llic blood-sugar 
was only slightly laiscd above the nounal lc\el, the blood-sugai wa'! i educed 
to noimal side by ‘^idc uith the disappcaiancc of (lie uiinaiy sugai but in two 
other eases (Cases 8 and 10) the l)lood-‘^ugni wa'^ found to ha\c definite^ 
increased even though the urmaiy sugai was reduced to notliing or mcie 
traces It would be leasonablc to infci that the ding probnbl}’^ influences the 
renal thieshold foi excretion of glucose in some of the eases In tlie moderately 
severe cases of diabetes of long standing, the blood-sugai wxas eitliei stationary 
or even increased aftei the admimstiation of opium even though the output of 
the urmaiy sugai ran moie oi less at a constant level 

Effect on the general conditwn of the 'patient — ^Thc general condition of 
patients taking the diug ccitainly impioved m the majoiity of cases In 
almost eveiy case theie was a general feeling of well-being and clieei fulness 
and brightness winch continued foi some tune oven when tlio diiig w'as suddenly 
stopped Constipation, how^ever, was the only distressing symptom in almost 
every case and some sort of a saline purgative had to be given m those cases 
every day Theie w'as no appreciable effect of the diug on the patients’ body- 
weight 

Summary and conclusions 

(1) Administration of small doses of opium — 1 to 6 giams daily — produces 
a slight reduction in the total quantity of uime excieted m mild cases of 
diabetes In severe cases it does not leducc polyuria, thiist oi frequency of 
micturition 

(2) In the eaily and mild cases of diabetes opium has a well-maiked 
effect m reducing the total daily output of sugar in the mine In some cases 
the sugai entirely disappears from the mine undei its influence In severe 
cases of diabetes, however, it has no effect on the sugar output 

(3) Opium has not much effect in i educing the amount of blood-sugai 
of diabetic patients, in fact in seveie foi ms of the disease it actually inci eases 

it , 

(4) In some patients the admimstiation of opium distinctly raises the 

renal threshold for excretion of sugai The sugar m urine disappears while 
that in the blood is mci eased It wmuld not, theiefoie, be advisable to use 
opium in tins disease 


Chopra, R N (1928) 


REFERENCE 

The* Piesent Position of Opium Habit m India 
Ind Joio Med Res, XVI, 2, p 389 



STUDIES IN THE PHYSICAL PROPERTIES OP DIFFERENT 
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With a ^^e■vv to investigate the changes, if any, in the sera from the blood 
of filariasis patients from those of normal healthy persons, nscosity, density, 
surface tension and buffer action of sera from both the blood of filariasis patients 
and healthy persons were determined The result of these experimental obser- 
vations shows that the sera from the blood of filanasis patients differ only 
slightly from those of normal persons with regard to some of their physical 
P’ operties 


Specific gbaitty 

The specific gravities of the clear seia were determmed by adding a drop 
or two of the same to different mixtures of glycerine and water of known 
specific giaiuties The specific giavitv of the mixture, in which the drop 
remained stationaiy, vas taken to be the specific granty of the serum During 
the time these obsenations were made, the room tempeiature varied from 
27° to 28 5°C The specific graiities of twenty-four sera (vide Table I) from 
the blood of noimal peisons were taken The value of these varied from 
i 025 to 1 027, vhile the specific gra^^tJ of sera from the blood of twenty-five 

( 27 ) 
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filaimsis patients vaiicd fiom 3 025 to 1 028 (vide Table II) It is concluded, 
therefoic, tliat so far as specific gravity is conccinecl, there is no variation m 
tlic <501 a fiom the blood of filaimsis patients from that obtained from the blood 
of noimal poisons 


Viscosity 

It has been pointed out in a pievioii*? papei (Chopra and Choudhury, 1929), 
that the applicability of ordinal y methods of dctei mining viscc^ity of true 
solutions to that of colloid<5, m not fiee fiom objection The difficulty consists 
m the theoietical mteipictation of the efTcctne lesistance to the flow In our 
expeiiments, nc compaied the viscous lesistance, as measuied by the ordinaiy 
flow methods of normal and filaimsis sera vith a view to compare the rates of 
flow under <5imilai conditions The same viscosimeter vas used m all the 
measurements Expeiiments vere done at the loom temperature vhich varied 
duimg the course of these experiments, from 30° to 32°C The value of the 
viscosity of the normal sera vaiied fiom 1 40 to 1 58, while that of filariasis at 
the same tempeiatuie vaiied from 1 40 to 1 61 (vide Tables I and II) The 
normal seia weie taken from the tventy-foiu healthy dog-bite cases and the 
filariasis sei a wei e obtained from tliose under observation in Filariasis Research 
Experiments nith normal sera were done at temperature of 27° to 28°C and the 
tempeiature co-efficient of viscosity of serum has been found to be approximately 
1 5 per cent, even allowing for this correction, the viscosity of filariasis sera 
showed very little deviation fiom that of the normal blood sera 

Subface tension 

In a previous papei (Chopia and Choudhury, 1928) the surface tensions of 
normal and some pathological sera were detei mined The value of surface 
tension obtained for the normal serum at 31° to 33 °C was 60 4 dynes per cm 
In that paper, surface tensions of seia fiom the blood of twenty filariasis patients 
were also reported The mean of these readings was 57 9 dynes per cm As a 
result of 35 more observations at temperatuies between 30° and 32°C , it was 
found, the value varied from 55 4 to 58 2, though the minimum values obtained 
are very few in number (Tables I and II) It can be concluded from this that 
the surface tension of the sera from the blood of filariasis patients is slightly less 
than that obtained in case of the normal sera 

Buffer action 

The pH of serum and of mixtures of serum and hydrochloric acid were 
determined electrometiically at the lOom temperature by using an apparatus 
devised by McLendon (1916) Caibon dioxide was driven off by passing hydrogen 
slowly into the serum for about five minutes The leseive pH of the serum 
was found to vaiy in the case of noimal persons from 7 9 to 8 2 wheieas in 
the case of filaiiasis patients from 7 9 to 8 3 Results of experiments with 
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mixtmes of hydroclilonc acid and serum have been given m the appended 
tables It will be seen from these results, that the power of neutralizing acids 
IS somewhat dimmished in the serum from the blood of some filariasis patients 
(Tables III and IV) 


Table I 

Seia oj Normal Indians 


No 

Specific gravity 

> 

Relative viscosity 

Surface tension in 
dynes per cm 

1 

1026 

140 

612 

2 

1027 

161 

59-9 

3 

1026 

140 

59-9 

4 

1’028 

162 

612 

5 

1026 

156 

60-6 

6 

1026 

150 

60-6 

7 

1026 

161 

69-9 

8 

1026 

150 

69*9 

9 

1 

1025 

158 

612 

10 

1027 

145 

612 

11 

1027 

150 ' 

59*9 

12 

1026 

149 

60-6 

13 

1027 ‘ 

163 

59-9 

14 

1026 

157 

60r6 

15 

1027 

148 

69-5 

16 

1026 

160 

62-7 

17 

1026 

155 

59 6 

18 

1027 

164 

612 

19 

1027 

145 

59-6 

20 

1025 

158 

60-6 

21 

1027 

142 


22 

1026 

155 


23 

1027 

150 1 

1 


Mem 

ITOGS 

153 

60-4 
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Taw,! it 

Srrn of rdfo kim'^ jxihrtifs 


No 

Specific pm\ 

Rclafnc M':co'^l(^ 

Surface (on^ion m 
(hne^ per cm 

1 

1 028 

1 10 

57 4 

2 

1 028 

1 10 

58*2 

3 


1 52 

57 8 

4 

1 028 

1 51 

58*2 

5 

1 026 

1 58 

55 1 

G 

1 027 

1 45 

57 1 

7 

1 020 

1 15 

CO 

8 

1026 

1 50 

58-1 

9 

1025 

1 45 

58-1 

10 

1025 

1*50 

573 

11 

1 024 

1 55 

58*8 

12 

1 027 

1*58 

58*1 

13 

1 026 

1 50 

58*8 

14 

1*027 

142 

58*1 

15 

1*027 

1 58 

58*8 

16 

1*027 

148 

58*8 

17 

1026 

1*55 

58-1 

18 

1*027 

150 

57 3 

19 

1*027 

1*50 

58*1 

20 

1026 

155 

574 

21 

1026 

145 

58-1 

22 

1026 

148 

57 3 

23 

1026 

150 

57*8 

24 

1026 

4*55 

58- 1 

25 

1026 

iso 

58*2 

26 


i*50 

564 

27 


|58 

55 4 

28 


1 50 

574 

29 


148 

58*1 



145 

57 4 

30 




Mean 

1*0258 

1*498 

57 74 
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TabliB III 


Biiljei action of sera of no) mat Indians 



pH , 2 c c serum + 


No ! 

1 

! 

Pure serum 

2 cc serum + 

2 c c 01 NHCl 

2 cc (fl NHCl 

1- 

1 1 

S-12 

781 1 

3 50 

2 ^ 

S-07 

7 77 

3*49 

3 

8-20 

7 84 

3-74 

1 

4 1 

8-05 

7 75 1 

3-49 

1 

5 I 

8-05 

777 

349 

1 

( 

6 

7 95 

7 69 

3*45 

7 

7-90 

7 60 

3-35 

8 

7 96 

765 

3 35 

9 

7 95 

7 62 

3-40 

10 

8-06 

762 

3 50 

11 

8'12 

7 69 

3-60 

12 

8-07 

7-65 

3 66 

13 

S-20 

781 

3 69 

14 1 

8-05 

781 

3-70 

15 

8-15 

7 80 

3*74 

16 

j 811 

782 

3-69 

17 

815 , 

7 83 

370 

18 

S'og 

779 

3-79 

19 

795 

7 62 

364 

20 

796 

7 63 

3*65 

21 

7 98 

' 7*60 

3-40 

22 

8-00 

j 

' 7 65 

3*50 

23 

8-12 

' 

1 7 82 

J 

3*49 

24 

] 8^7 

j 788 

3*74 

25 

8-07 

1 778 

1 

3-52 

Mean 

• 8-06 

7 73 

1 

3*57 
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TAni.n IV 

Buflci action of son of fdanasis patients 


1 

No ! 

1 

1 

Pure ■^onim 

2 cc M niin t- 
> 2 cc 01 IICI 

1 

! 2 c c Kcnim + 
j 2 cc ai NIICl 

1 

S-2 

1 

769 

' 3 55 

2 

8-10 

7 70 

3'50 

3 t 

8*2") 

7 72 

3*55 

4 i 

796 

7 60 

3 25 

= i 

s-os 

7-.')0 

1 3-21 

0 

s-os 

7 59 

3 50 

7 

8*30 

769 

3-55 

S 

8-25 

i 7a5 

' 3 50 

9 

s-oi 

750 

3-30 

10 

S-15 

760 ^ 

3-40 

11 

S-05 

761 1 

335 

12 

S’25 

7'65 

3*60 

13 

8-30 

7 07 

3 50 

14 

S-16 

700 

3 53 

15 

8*25 

705 

3 45 

16 

799 

750 

3 40 

17 

s-oo 

7 55 

3’35 

18 

798 

7 65 

3-45 

19 

8-16 

7 69 

3 55 

20 

8-08 

7 68 

3-50 

21 

8-00 

7 67 

3 50 

22 

8-10 

i 769 

3'55 

23 

7 98 

1 7 62 

3 45 

24 

796 

7 59 1 

3'47 

25 

8-08 

7 67 

3-50 

26 

8-24 

7*68 

3 52 

27 

8-25 

7 70 

3-49 

28 

820 

7 72 

3’39 

29 

8-30 

781 

3'60 

30 

8-10 

7 69 

3 50 

Mean 

8-13 

7 64 

3 46 
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Discussion 

A review of literature shows that very little work has been done on the 
different chemical constituents of filariasis serum It is, therefore, a pnon not 
possible to discuss our results on physical properties Our results show that 
there is a change in some of the physical properties of sera from the blood of 
filariasis patients Consequently it is to be expected that there is also a 
vaintion in one or all of the different constituents of blood, namely proteins, 
cholesterol, lecithin, etc From the nature of the disease, these results also 
appear to be what might have been expected The chronic inflammation set 
up by the adult paiasite is a localized defence reaction, but the chemical change 
in the circulatory lymph is moie generalized Prominent among the chemical 
constituents of the chylous lymph is cholesterol Deposits of cholesterol are 
found m fresh tymph, hence there is a super-abundance of that lipoidal 
substance m the lymph (Stenhouse, 1925) It, therefore, appears that there 
should be an increase in cholesterol content of serum from the blood of filariasis 
patients It has been actually found by Boyd and Ray (1930) that the 
cholesterol content of the blood of filariasis patients is increased The lowering 
of surface tension may be accounted for by this variation in the cholesterol 
content, whether diminished buffer action is also due to high cholesterol content 
cannot be definitely said in absence of data on this particular point Had there 
been changes of a profound nature in other constituents of blood, it would have 
been detected by marked changes in viscosity and density also Since this is 
not the case v e are of opinion that the blood constituents of filariasis patients, 
other than cholesterol, undeigo very little variation from those of normal 
persons ^ 

Summary and conclusions 

Density, viscosity, surface tension and buffer action of sera from the blood 
of normal persons and filariasis patients have been determined It has been 
found that the surface tension and buffer action of filariasis sera are somewhat 
diminished, while density and viscosity are not changed at all 
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total nlknloula] Mold T( UMialK ncrtii-^ <o the extent of 5 to G per cent m 
'Vsia i^Iinoi ai)Hnn, hut in Tiulian and l^eixian opium it is jireNent to the extent 
of 30 to 12 jiei eent It is piescnt in opium in n free state though some 
aiithoiitics think it oeeurs m form of a meconatc It ean he readily separated 
Siom the otlicr alkaloids 

Picpnintwn hen ojimm is extracted ^Mth ^^atcr, morphine goes into 
solution, hut the gicatci ])ait of narrotinc icmains undiscohed Bv exhaust- 
ing the icsiduc 'With dilute lufhoehloiie acid the alkaloid is rcmo\ed as a 
In dioehloiide, fiom the solution of this the base max he piecipitated by 
sodium hicaihonate and eiX'-talh/cd fiom alcohol Naieotinc max also be 
ex'ti acted fiom opium hx boiling it xxilh cthci 

Properties — ^Naicotmc oecuH as odouilcss, tasteless, shining piismatic 
cixstals, hax mg a melting jioint The iiasc is xcix shghtlx soluble 

in xxatcr, 1 m 25,000 at 15°C and 1 in 7,000 at 100°C It is soluble in alcohol, 
ethei and in hen/cne, x'Cix'^ soluble in chloiofoim, shghtlx soluble in amyl 
alcohol 01 light pcti oleum It also dissolxms in lime oi baixda xx'atei and 
slightly in aqueous ammonia It is Imxmi otatoi y — 185° in alcohol and 199°9 
in chloroform The solution in dilute acids is dcxtioiotatory Narcotine is 
a feeble monacidic tertiar}’^ base, its aqueous solution is neutral to litmus 
''.Vlieii heated xvith xxmtei in a closed tube at 100°C , oi bj piolongcd boiling with 
watei it becomes conx^rted into o]iianic acid Nascent liydiogen conxmits 
naicotine into incconinc and hydiocotainine and on oxidation cotainine and 
opiaiiic acid aie foimed The synthesis of naicotine has been effected b> 
treating an alcoholic solution of cotainine and meconme wnth potassium 
carbonate oi by simply boiling an alcoholic solution of these twm substances 

Pharmacological, action 

In most of our experiments labbits and cats w'eie used The animals w^ere 
anesthetized xvitli cliloialose admimsteied by means of a stomach tube A 
dose of 0 1 giamme pei kilo body- weight induced anesthesia wntliin an hour 
and a half on an aveiage In cxpeiimcnts inxmlxung the respiiatory system, 
urethane in dosage of 1 8 giamme pei kilo body-xveight xvas used intramus- 
cularly This pioduces complete anesthesia as a lule m 2 to 21 houis, but 
occasionally it xvas neccssaiy to supplement it xvith ether 

Solutions used— Naicotine base, being vciy slightly soluble in watei 
xvas difficult to get into a solution suitable foi phaimacological expeiiments 
Unfortunately exen soluble salts aie difficult to piepaie and aie unstable In 
all oui expeiiments, therefore, xvc dissolved the lequiied quantity of the base 
in a fexv drops of dilute hydrochloric acid mixing it xvell xvith a glass lod, 
xvater xvas then added and a clear solution formed A bihydrochloiide of the 
alkaloid is formed having a stiongly acid reaction and in using this solution 
for pharmacological expeiiments xve had to considei the possibility of the 
results being xatiated on account of the acidity In all expeiiments, therefore. 
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Effect on <i}fstcnui hi nod- pi e'>mn ~ Plntu I, fig /? show-, the etTect pro- 
duced by an injection of 5 mg of narrotine in the fcmoial \em of a cat Within 
12 to 18 seconds of tlic injection the blood-piC''iiiro ‘'bowed a "uddon fall of a 
‘^hoit diiiation Altei about a minute oi •'O the blood-pre-surc agtiin ro«c to 
slightly above the noimal level and this level wa'i miiintaincd for about 2 or 
3 minutes Injection of laigci rio-'Cs (10 to lo mg) pioduced almost identical 
results excepting that the fall of blood-'pic‘'‘'Uic wa-' more maikcd Still bigger 
do'^es — 20 mg oi moic — pioduccfl a spa-'in ot the diajihragni and the blood- 
pio‘!suic ‘showed marked OMullation- Depic-''ion of blood-pie‘^sure i> 
produced in deceiebiatcd animak with the ‘spinal cord destroyed showing that 
the ceiebral and mcdullaiv centres do not pla}’’ any pait in this action Again 
it wxas pioduced even aftci the sympathetic nerve endings were paralysed with 
ergotoxine and the vagal endings weic treated with atropine From these 
data we aie justified in concluding that depression of the musculature of the 
vessel ivall is lesponsiblc foi the effect on the blood-pre^&uie 

Action on the pnlmonanj piessuie — Plate I, fig B show's the effect of 
5 mg of naicotine on the pulmonary piessuie of a cat It will be seen that 
there is a small rise coiiesponding to the fall in sjstemic pressure This is due 
to a temporal y influx of blood into the lesser circulation 

Action on the blood vessels — Wc have aheady seen that an intravenous 
injection of narcotine produed^? a fall in the systemic blood-pressure This 
fall IS still pioduced aftei the <5vmpathetic ganglia aie paralysed wutli nicotine 
and the sympathetic neive endings are similaily tieated with eigotoxme This 
af once suggests the possibility of the alkaloid having some direct action on 
the musculature of the vessel wall 

In ordei to deteimine any diicct effect on the involuntary muscle of the 
blood vessels, a Trendelenbeig piepaiation was put up After pithing a frog 
a canula w'as intioduced into the aoitic aicli Thioiigh this the lieait was 
pel fused with a saline solution and the outflow wms noted by counting the 
drops that emerged from the cut end of the infeiioi vena cava, sufficient time 
having been allowed for the prepaiation to give uniform lesults Naicotine 
was then added to the perfusate and the time taken foi every 10 drops was 
lecoided This showed a well-maiked decrease showing that the alkaloid by 
its direct depressant action on the musculatuie had pioduced dilatation of the 
arterial system In waim-blooded animals such as the cat, addition of naicotine 
to the perfusate produced an appieciable dilatation of the blood vessels of the 
artificially pei fused hind limb This dilatation was still piesent after the 
vasomotor neive endings weie paialysed with laige doses of eigotoxme The 
diug, therefoie, must have a diiect action on the involuntaiy muscle fibres of 

the vessel wall 

Plate II, fig C show's the changes occuiimg in the volume of the limb 
after 10 mg of naicotine weie admimsteied intiavenously It will be seen 
that the limb volume is deci eased when the blood-piessure falls but lapidly 
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rises to well above the normal level, thus indicating a marked dilatation of the 
peripheral blood vessels 

The effect on the blood \essels of the splanchnic aiea was studied bj the 
effect pioduced on the volumes of such oigans as the spleen, kidney and intes- 
tines Plate I, fig D shows changes occurring in the spleen It mil be seen 
that there is a defimte increase in the volume of the organs which lasts for 
«onie time In a few experiments a n ell-marked mciease m the automatic 
movements of the spleen was also observed 

Plate III, fig *1 shows the changes pioduced m the \oIunie of the kidnejs 
bj an intiaienous injection of 10 mg of naicotine The kidney volume in 
ino't cases showed a slight rise, in others it maintains its normal level In 
the majority of cases, honevei, the Aoluine changes keep pace nith the blood- 
piessuic, le, uses vith the fall of blood-piessuie and falls again vlien the 
pressuie rises The intestinal lolume also generallv shoved a well-marked 
use (Plate II, fig C) 

Action on the hemt — Naicotme vas gnen intra-hepatically m doses of 
0 5 mg to pithed trogs, tlie movement'' of the heait being recoided on a 
moving dium There was a defimte slowing of the heait and the foice of the 
beat was somewhat decreased The action would appear to be directly on the 
heart muscle as paralj-sis of the mhibitoiy vagal mechanism did not m any way 
alter this effect 

On the mammalian heart narcotme has a somewhat stimulant action 
Plate II, fig .4 shows the m} ocaidiographic tracings of the effect produced 
by 5 mg of narcotme given intravenously in a cat It vill be obseived that 
there was a definite stimulation of both the auricles and the ventiicles, the 
amphtude and force of the beat being increased, the rhythm remaining un- 
affected In order to determine whether this effect vas due to an action on 
the neivous mechanism or on the mjocardium, the connection" vith the central 
ncivoui, system veie seveial In some expei iraents, onlv the brain vas 
destroj'ed bj- passing a stout metal seeker mto the cranium, while in others 
both the brain and the spinal cord weie destroyed In both these senes there 
vas no alteration in the effects produced by the alkaloid The stimulation of 
tlie ainicles as veil as the ventricles vas still present shoving that the effect vas 
not central Again, when the tagi vere dmded in animals with brain and 
spinal cord intact, narcotme still produced its usual stimulating effect When 
the terminations of the % agi were paralj sed by atropine, this effect also remained 
unaltered (Plate II, fig B) We can conclude, therefore, that depression of 
the inhibitoiy ner\ous mechanism is not responsible for the stimulant action 
of narcotme on the heart 

Our attention was next directed to see if the acceleratoi mechamsm played 
any part m the increased amplitude of the auricles and aentncles Injection 
of 5 mg of narcotme m an animal in which the s}TOpathetic ganglia were 
prenously paralysed with nicotine entirely abolished the stimulant action on 
both the chambers It would appear from this that the stimulant action is 
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piobably located in tlic sympathetic ganglia of tlic heait Injection of 5 rag 
of narcotine aftei the syinjiathetic endings are paialytcd witli large doses of 
ergotoMiie, instcacl of tlie usual stimulation, produces a slight depression of 
amplitude of both the auricles and the ventiiclc, the ihythm being appicciably 

slowed This is probably due to the action of the alkaloid on the musculature 
of the hcait. 

Plate III, fig C showb the cfiect of difieient dilutions of naicotine on the 
isolated cats heart It Mill be noticed that a dilution of 1 in 100,000 depresses 
the amplitude vciy slightly Tins depiessant cfiect becomes moie inaiked 
and peisisteiit as the concentiation of the alkaloid incieased This expeiimenfc 
supports the asseition aheady made that naicotine has got a diiect depiessant 
action on the inyocaidium 


Action on the ncspinvToiu system 

Some of the pievious workeis have rcfeiicd to the stimulating action of 
naicotine on the lespiiatoiy centic Stiaub (1912) thought that the alkaloid 
was quite inactive by itself but ineiely potentiated the action of moiphme 
These views weie seveiely ciiticized by Meissnei (1913) ]\Iacht (1915) showrad 
by expeiiments on the CO, tension in alveoli of tlic lung that naicotine was 
not at all an ineit alkaloid but had a definite stimulant action on the lespnatory 
centre 

In Older to study the direct action of naicotine on the lespnatoiy centie, 
we lecoided the tiacheal piessuie in cats One to two cc of a 1 pei cent 
solution of the alkaloid was injected into the caiotid aiteiy so that it was 
carried directly to the brain and the medulla This piodiiced not only a 
maiked acceleration in the late of the lespnatoiy movement but both the 
expirations and inspiiations became deepei and moie pou^eiful These facts 
indicate a direct action on the centie in the medulla 

The effect on the lespiratoiy centie was also studied by a modification of 
the method of Thomas and Fiank (1928) The animal after being amesthetized 
was put on artificial lespiiation, the diaphragm ivas completely separated from 
its costal border except the point of its posterior attachment which was kept 
intact All the blood vessels supplying this part were ligatured to render it 
completely avascular, caie being taken to leave the branches of the phienic 
nerves coming through the aoitic opening in the diaphragm intact The 
diaphragm undei these conditions, if it is constantly kept moist with warm 
sahne, shows rhythmic contractions which are directly controlled by the centre 
in the medulla, and which can be lecoided by attaching it to a lever Section 
of the phrenic nerves or freezing of the nerve stops the impulses coming from 
the centie at once and put an end to these rhythmic movements Injection of 
10 mg of narcotme in such a preparation produced a maiked stimulation of 
these movements showmg that drug stimulated the lespnatoiy centie (Plate 

I, fig C) 
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Plate III, fig B shows the tracheal pressure recorded by means of a 
IMarey’s tamboui m a methane cat It will be observed that an injection of 
narcotme produces an increase both in the frequency and in the amphtude of 
the respirations This stimulation is still observed after section of the vagi and 
aftei administration of sufficiently large doses of atropine to paralyse their 
terminations 

The action of the drug on the bronchioles was tested by recording the 
mtra-pleural pressure by means of a canula introduced through the iibs into 
the pleural cavity The animals were kept undei artificial respiration from 
a mechamcal pump in such a manner that the quantity of an pumped into the 
lungs remained quite constant Any constriction or dilatation of the bronchial 
muscles would be indicated by a decrease or morease in the amplitude of the 
respiratory excursions Naicotine given intravenously m 5 mg doses produced 
httle 01 no effect (Plate III, fig A) in the majority of cases Inti a-pleural 
piessure recorded in a deceiebiated cat also gives similar results showing that 
the effect was on the musculature of the bioncliioles and not on the nervous 
mechamsm 

Action on the centr-vl nervous sxstem 

Theie has been considerable difference of opinion legarding the naicotic 
properties of narcotme A perusal of the literature shows that a large amount 
of experimental noik vas done on loi\ei animals by some of the early workers 
to determine the true action of the chug on the central neivous system Orfila 
(1853) dissolved the alkaloid in different solvents and admmisteied it to dogs 
by the mouth He found that 0 5 to 13 grm pei kilo in olive oil at first 
accelerated the respiiation and then pioduced a condition of stupor which was 
followed by death Slight cramps of the extremities were noted Similar doses 
dissolved in acetic acid pioduced quickening of the respiration and spasms of 
the muscles all over the body vliieh continued for hours ISIodding movements 
of the head appealed in some cases and the head remained stiff and reti acted 
At first the animal u as quite conscious but stupor and coma supervened shortly 
before death When the same quantity of the alkaloid was dissolved in dilute 
hydiochloric acid oi nitiic acid the dogs did not show^ any toxic effects On the 
basis of these experiinents this worker claimed that the nature of the action of 
narcotme depended largely on the sohent used iMagendie on the other hand 
thought that the alkaloid wns the excitant principle of opium According to 
him after administration of 0 05 giamrae of narcotme per kilo in olive oil 
solution, the dogs showed definite convulsne movements instead of narcotic 
effects Chinct (1857) chimed that the administration of 1 gramme of 
raicotme to labbits was followed by slight tremors and increase m reflex 
excitability , after about 10 hours, the back and extremities became stiff and 
tiomulou= Alter 12 liours tetaniform comailsions occurred and the animal 
died 

Von Schrocder’s (1883) experiment il study of narcotic action appears to 
be aery mstructne and tlioiougli He found the action on the frog similar 
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to that of moipliino Thoro u'U'i clefinito on^ct of naico^is .iftcr a close of 
naicotinc but no j^haip 'iUcoc'"'i\c p.ualv'<i'> ol any pait of the brain was 
noticed as is pioduced by moiphine In inaiiinial^ the naicotic effects were 
inconsistent and Ic^s de\ eloped fnit tetaniis-liKe eontiaction -5 of the muscles 
ueio ehaiactendic This tet.uin* st ite uas coiisideied by him to be clue to 
abnoimal icfle\ iintabilit\ of the spinal coid 

It ivill thu‘' be ‘'ocn fioin the hteiatuie quoted abo\e that most of the 
woik done is not of \ei\ leceiit d.de and tlieie is '(icat di\ei''ity of opinion 
legauling the action of naicotine on tiie cential neivous system Though 
evidence has been deduced in faioui of its naicotic and hypnotic propeitics, 
the inajoiity of woikcis ^cem to believe th.it the convul''.int effect of the chug 
IS much moie pionounced than its sedative effect The wide vaiiation in the 
cxpciimental lesults and the diamctiically opposite views put foiwaicl by 
diffeient woikcis aie most piobably due to naicotine employed being impuie 
and piobably having a good deal of aclnuxtuie of othci ojnum .alkaloids 
With a view to cleai up the existing confusion we peifoimcd a series of 
expeiiraents with chemically pine naicotine following mainly the lino indicated 
by these early woikeis 

Lowe) a)W)ials — We used mostly fiogs and cats and oui findings on these 
animals weie faiily consistent and definite Fiogs weighing on .an avciage 
.about 100 giammes weio given the alk.aloid by injection into the antciioi lymph 
sac Doses of less than 0 1 grni pioduced no effect With inci easing closes the 
animal showed w'lthin 10 to 15 minutes of injection slight rigidity of the anteiior 
limbs, often staiting on the light side, latei the hind limbs weie .also affected, 
all the limbs lay stiff in an extended position With highei doses of 0 13 to 

0 14 gim thcie was inci eased icflex iiiitabihty and tendency to opisthotonus 

01 oithotoniis These symptoms began to pass off m an boui oi so but did 
not completely disappeai With closes of 0 2 gim oi moic the frogs showed 
giadually increasing signs of iii liability till aftei about 2 houis typical con- 
vulsions began to take place The limbs became stiff and iigicl and the animal 
when put on its back could not lesurae its noimal position The leflexes were 
maikedly exaggeiated and the animal wms apparently completely paialysed 
and died in about 3 houis 

In anothei senes narcotine dissolved m dilute HCl was administeied to 
cats in doses of 0 66 gim , 1 gim , 13 guns and 2 gims pei kilo body- weight 
lespectively by means of a stomach tube The fiist animal leceivmg the smallest 
dose showed no appieciable effect whatsoevei The second animal vomited 
out a segment of a tapewoim aftei about 30 minutes and looked dazed and 
uncomf 01 table but showed no outwaid manifestation of excitement The thmd 
animal showed veiy defimte symptoms of excitement It showed a tendency 
to rush wildly about, its intelligence and peiception weie dulled and later 
the muscles of the limb and back showed signs of stiffness The lespuation was 
burned from the beginning and theie was a maiked flow of thick, sticky and 
fiothy saliva The fouith cat, which had 2 giammes pei kilo, showed within 
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15 minutes marked restlessness and salivation The pupils were dilated and 
the respiration became very rapid In half an hour the head became retracted, 
twitchings of muscles occurred all over the bodv and all four limbs became 
stih and in extended position Tetanitorm convulsions started soon after, m fact 
the animal showed a typical picture of ^tiychmc poisomng Cornea remained 
sensitive up to the last The animal died in about 2 hours’ time due probably 
to spasm of diaphragm and accessorv'- muscles of respuation, following con- 
vulsions Similar effects were also obtained in other ammals 

From these data we are inchned to believe that the stimulant and excitant 
eftects of narcotme in animaU are much more manifested than the hypnotic 
properties The parts ot the central nervous system chiefly affected with 
smaller and larger doses are the medulla and the spinal cord, particularly the 
latter The hvpnotic and sedative effects described by some of the early worker^ 
are in our opimon undoubtedh due to the alkaloid being impure 

Action in man — The action of narcotme on human beings was investigated 
by the early workers either by admmistermg the drug to volunteers or by 
taking it themselv'es ilagendie behev'-ed it to be the excitant prmciple of 
opium, as alter takmg 0 3 grm he experienced some excitement and headache 
Bailj could not get any defimte effect with small doses Schroff (1856) noted 
in his patients that administration of 0 1 grm produced sbght increase m pulse 
rate, followed by a decrease Temperature rose by 0 3°C and then came 
do^ agam Soon after takmg the alkaloid there was transient headache, 
i.umming sound m the head, flushmg of the face, dilatation of pupil, mcrease 
in the frequency of respuation unpleasant sensations m the joints, =ensation 
of heat m the chest, pleasant feehng, drowsmess and exhaustion After 2 
hours the action disappeared Some of the later workers came to similar 
conclusions and believed that there was very sbght, if any, h 3 q)notic action, 
the pulse rate was shghtly accelerated, the respuation mcreased in frequency 
and temperature rose shghtly 

The semor author has tried narcotme in a large number of patients suffermg 
irom malana, diabetes, pneumoma, etc , m doses varymg from 5 to 20 grains 
daily Xone of these patients showed any marked depression of the higher 
faculties as occurs m case oi morphme, nor were there any signs of stimulation 
01 the psjchical areas ol the brain The algesic areas, however, appeared to 
be somewhat depressed and sensibibty ot the patient to pam and discomfort 
produced by disease was decidedly diminished The patients looked more 
comiortable after the alkaloid was admmistered and said they felt better 
although the temperature was not appreciably affected There w'as no very 
merked stimulation of the respuation ot the heart, no heightemng of the 
reflexes, so that m therapeutic doses m man at any rate there were no outward 
signs OI stimulation of the medulla or the spmal cord 

One of the authors on two separate occasions took bv the mouth 0 4 <um 
(6 grams) and 0 6 grm (10 grains) of the alkaloid 'hc noticed a sbght 
nauseatmg feehng which mcreased on movung the head There was a diJtmet 
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sensation of well-being for about an hour aftei the drug w'as taken No other 
action on the central ncr^ou'5 SN-itcin was ob-erved In another individual 
8 grains were given .if ter .i li.ird di>’s work The -en-.ition of f.itigue grcatlj 
disappeaicd and tin-' wa"- follow Cfl b\ .i feeling of lassitude and inclination to 
go to lie down if not to ‘'Icep Xo other cficcts were observed 

From the experimental data guen .ibo\e, it would appear that narcotme 
when administered by it-elf h.is no marked action excejit on the algesic areas 
in the brain and in therapeutic doscs has little or no action on the medulla 
Although narcotme has no direct effect on the cerebrum and higher centres of 
the biain, it has been shown to h.i\e •^vnergistic .iction when gnen in combina- 
tion with moiphine Oldei investigators have show'n that a do^^e of opium 
acts more strongly on the frog than the corresponding quantity of morphine 
contained in it Small doses of morphine m themselves inactive pioduce, when 
combined wuth ‘•mall quantities of the subsidiary alkaloids, severe sjunptoms of 
poisoning (Gottlieb and V D Eeckhout, 1908) 

Wmternitz (1912) Miowed that Inpnotic and sedative effects were produced 
in man by alkaloids of opium from which moiphmc had been completely 
eliminated The only alkaloid barring morphine that has a sedative effect in 
man is codeine which when gnen by itself has a feeble action In combination 
wuth the other alkaloids of opium, however, codeine pioduces as stiong an 
effect as morphine The other alkaloid-, theiefore, appeal to potentiate the 
action of codeine and of these narcotme has been shown to be the most im- 
portant svneignt Narcotme also has a w'ell-maiked syneigistic action when 
combined wuth morphine «o far as its action on the central nervous system 
IS concerned Levy^ (1916) found that 3 mg of .an equal mixture of moiphine 
and narcotme exerted as great a narcotic action as 10 mg of morphine The 
greatest increase m activity is obtained when equal parts of narcotme and 
morphine are given together The decrease in perception of pain in man is 
also more marked when morphine and narcotme are combined The combina- 
tion of one molecule of each with meconic acid has been recommended by Straub 
(1912) and named 'Narcophme' for use as a general analgesic Inteiestmg 
experiments were conducted by Macht, Johnson and Bollinger (1916) and 
Macht, Herman and Le\^ (1918) to show^ that the increase in the pain- 
depressing action is due to the ‘subsidiary alkaloids especially narcotme By 
measuimg the strength of the induced current which would just produce a pain 
sensation from a single cen'sation point, they showed that ‘Pantopon’ and 
‘Narcophme’ inciease the threshold value of the effective stimulus moie than 
the corresponding amount of morphine These obseivations have been con- 
firmed and open a wude field for the use of narcotme This alkaloid occurs 
in large quantities in opium and up till now has been practically allowed to 
go waste m the preparation of morphine in India at any rate 

We have already referred to the depressing effect of narcotme on the 
algesic areas m the biam, and from cxpeiience with this alkaloid we can fully 
corroborate the synergism which exists betw^een naicotme, moiphine and 
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narcotme and codeine Naicotine also possesses an antagonistic action to the 
depressing effect pioduced by moiphine on the respiiatory centre We will 
lefer to it in more detail when dealing with the therapeutic uses of the 
alkaloid 


Action on the genito-xjrinary system 

The viigin uteius of a cat in situ showed a slight but a definite relaxation 
in its tone after an intiavenous injection of 5 mg of narcotme but the auto- 
matic movements were not markedly affected The piegnant uteius does not 
show any maiked changes either in tone of the muscle or its rhythmic contrac- 
tions with such doses as 5 mg given intravenously The rhythmic contractions 
of the isolated viigin uterus of a cat did not show any appreciable changes in 
concenti ations up to 1 in 50,000 The alkaloid in 5 to 10 mg doses given 
intiavenously did not produce any effect on the urinary secretion, but the 
automatic movements of the bladdei were slightly inhibited 

Actio}i on voluntai y muscles — The effect of narcotme on the voluntary 
muscles was tested by studying the fatigue curves of neive muscle preparations 
of the gastrocnemius of the frog Two muscle troughs weie filled with normal 
saline and the neive muscles were bathed in them Arrangements were made 
for simultaneous stimulation of the two nerves by induced shocks of equal 
strength, through the platinum electrodes To one of the troughs, narcotme 
was added m the strength of 1 in 50,000 while the other seived as a control 
No difference was observed in the fatigue curves of the two muscles showing 
thereby that narcotme has got no appieciable effect on the voluntary muscles 

Action on secretions — When taken by the mouth narcotme is tasteless, 
non-irntating and does not produce any reflex flow of the saliva In non- 
toxic doses of 0 5 to 1 0 grm , it does not stimulate the sahvaiy secietion in 
cats After such laige doses as 2 grms copious flow of thick viscid saliva was 
produced in about half an houi piobably due to the action of the alkaloid on 
the salivary glands Other seci etions such as those of the sweat, urine, etc , 
were not appreciably affected 

Toxicity — ^The alkaloid does not possess remarkable degree of toxicity 
Its minimum lethal dose in the frog after injection into the anterior lymph 
sacs was found to be 2 grammes per kilo body-weight This is a bigger dose 
than that obtained by Issekatz and Barth which varied from 0 5 mg to 0 8 mg 
pei gramme of fiog Its minimum lethal dose in cats varies between 1 5 to 
2 0 grms per kilo body-weight Large doses such as 2 to 3 grms can be 
tolerated m man without pioducing any other toxic symptoms than nausea, 
headache and vomiting 


Discussion 

From the aforesaid it would appear that the effect of narcotme on the 
cential nervous system is generally not depressant as is the case with morphine 
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AVitli the exception pcihup^ of the iil<;c''U* niea-', it produces a mild though a 
<h‘'tnu‘t 'stimulant action on (cit»iin pait-* ol the cercbro-spinul axis The 
spinal coid undouhtedh show-' stunulalion which is most piobably due to 
ducct action of the diui^ on the noi\e cells fn toxic dosCs in cats the effect 
pioduced closcK lesembled tho-e piodmed In toxii do^Cs ol sti\chnine The 
action on the ciicnlatoiv s\<;tcin is af'ain pu/./ilinj' at fiist sight It has been 
shown that thcie w alwax-' a tlefunte fall of bloocl-pre^suic after a dose of 
naicotmo gncn intnucnousK This depression is very transient and is soon 
followed b\ a --liglit iiso winch is sn^tained foi ^oinc time The fall in biood- 
piesgvue appeals to be due paith to dcpicssuin of the heart, as is supported by 
pel fusion expenments, and paith to a lowcicd pciiplieial lesistancc brought 
about bv the dilatation of the \ easels of the splanchnic aiea pioduced by the 
dnect depiessnnt action of the alkaloid on the mvoluntau muscle fibres of 
the \essel wall The \asomotoi ncivos arc not aftcctcd as the blood vessels 
dilate aftoi sufficiently huge doses of cigotoxine Apait from the action of the 
alkaloid on the musculatuie of the blood \cssols mvohmtaiy muscle in other 
paits of the body is also depicsscd Theie is definite inhibition of the move- 
ments and lelaxation of the jdam muscles of the cntiie alimentaiy’ tiact ami 
this piobably helps in splanchnic engoigemont pioduced by this alkaloid 

The subsequent use of blood-piessure slighth above the noinial level is 
piobably bi ought about bv a leflex stimulation of the vasomotoi centre as a 
lesult of fall of the blood-piessure We could not piove direct action of the 
diiig on the centie as in case of the lespiiaton centie The tendency foi this 
subsequent rise to be sustained and the absence of use aftei the vasomotoi 
centre is destroyed both lend stiong suppoit to this view' The stimulation of 
the amides and ventiicles seen in the myocaidiogiaph expenments might again 
be attributed to the excitation of the vasomotoi centie If W'e assume this to 
be the explanation we would expect the appeal ance of stimulation of the 
chamfaeis latei than the blood-piessuie effect The stimulation, howrever, 
appeals simultaneously wnth the depression of blood-piessuie and this leads 
us to think that the acceleratoi neivous mechanism of the heait has piobably 
‘•ome independent pait to play The stimulation is entiiely absent aftei the 
sympathetic ganglia aie paralysed by nicotine and instead of the auiiculai 
and ventiiculai stimulation, theie is definite depiession after a paialysiug dose 
of cigotoxine In the light of this experimental evidence, the possibility of 
sympathetic ganglion stimulation cannot be entiiely ignoied 

Expenments show thdt naicotine has a distinct stimulant action on the 
lespiiatoiy centre in expeiimental animals Tiacheal lespiration m a methane 
cat undoubtedly shows stimulation but this action does not appear to be very 
piolonged 

The tempoiary inhibition of movements and lelaxation of the tone of the 
plain muscles of the intestines and blood vessels aie fairly constant findings 
The plain muscle of the uteius, howevei, does not -show lelaxation in all 
expenments, in tlie same dosage as m case of the intestines, 
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Narcotine in therapeutics 

Narcotme was used m India m the treatment of malaiia in the earlier 
parts of the 19th centuiy but it was given up with the advent of the cinchona 
alkaloids, being recovered as a bj e-product m the pieparation of moiphine 
and it was hoped it could be utilized in medicine Its use against malaiia was 
levived in 1895 on the suggestion of Sii William Robeits who in the report of 
the Royal Commission on Opium (1895) suggested that the narcotme in opium 
may have anti-malaiial propeities Quinine was not plentiful at that time 
and the medical authoiities m India had to look for a cheap and easily pro- 
em able substitute Chopra and Knowles (1930) caiefully studied the action 
of this alkaloid on \ series of cases of different types of malaria and found 
that the drug had no effect whatever either on the malarial paiasites oi on 
the clinical symptoms of the disease 

The analgesic pioperties of narcotme have not been sufBciently emphasized 
Although when given by itself it does not possess very marked sedative pro- 
perties, when combined with morphine and codeine it potentiates their action 
to a remarkable degree, so that very much smaller quantity of these alkaloids 
are effective Fuithei in cases of cough and othei respiiatory troubles such 
as asthma where morphine has to be used, narcotme m combination with 
morphine should be moie valuable than the usual morphine and atropine com- 
bination As the alkaloid has a stimulant action on the spinal cord and the 
medullary centre its combination with morphine will, like atropine, counteract 
the depression of lespiratory centie As a mild and haimless sedative narcotme 
would be a useful alkaloid m therapeutics We have tiied it m pneumonia 
and other febrile conditions and found that it undoubtedly allays the discom- 
fort and pain which coinmonly accompanies these conditions and its stimulant 
action on the lespiiatoiy centie is a distinct advantage The diug does not 
foim a habit and that is a distinct advantage m its favour 

Naicotme might have anothei field of utility m theiapeutics We have 
already noticed that it has a depiessant action on the involuntary muscle fibies 
all ovei the body It would, theiefoie, be veiy useful m lelievmg such spas- 
modic conditions as whooping cough, asthma, spasm of the intestinal miiscula- 
tuie, bile duct, uiethia, etc , and allaying cough, headache and pain of inildei 
type It could also be advantageously combined with such pmgatives as jalap, 
colocynth, etc , to prevent the giiping and unpleasant pains of colicky nature 
which accompany then admimsti ation The inhibition of the peristaltic move- 
ment with this diug IS not so inaiked as m case of moiphine and it could be 
safely used in i nuinbei of conditions nheie moiphine is contia-indicated 
Clinical tuals aie being conducted on these hues 

SUMMARI and conclusions 

1 Naicotme is an iinpoitant subsidiary alkaloid of opium inasmuch 
as It constitutes on an average 5 to 6 pei cent of the total alkaloids It occurs 
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in laigc quantities as a IiNC-jnoduct in the inaniifactiirc of morphine and 
coelome and so fai little oi no u-'O has bc(*n made of it m medicine 

2 The alkaloid is leadily ah-'Oilicd liom the site of injection, it does 
not pioduce niueli local nutation oi neciosis of the tissues 

3 Naicotine definitely inhibits the peiistaltic movements of the gut It 
relaxes the tone of the involuntary muscle tissue all ovei the body, eg, uterus, 
bladdei, gall bladdei, etc , by its direct action on the miiscle hbics 

4 Given mtiav enouslv m animals naicotme pioduccs a fall of systemic 
blood-piessuie followed by a slight iise The fall is due to dilatation of the 
blood vmsscls, especially those ot the splanchnic aica, by its diicct action on 
the inusculatuie of the vessel wall The subsequent iise is piobably due to 
leflex stimulation of the vasoniotoi ccntie to counteiact the fall m systemic 
piessuie The stimulation of the auiiclc and v’cntricle seen m mymcaidioginph 
expeiiments cannot be wholly’ explained by v'asomotoi stimulation and theie 
IS evudence to show that the symipathetic ganglion cells of the caidiac plexuses 
may'^ be excited The depiession of the hcait seen m pei fusion expeiiraents is 
more than compensated by these two factois 

5 Expel imental evidence has been pioduccd m suppoit of the view that 
naicotme, unlike moiphme, stimulates the lespiiatoiy centie m the medulla 
The plain muscles of the bionchioles is lelaxed 

6 The action on the cential neivmus system has been w'oiked out by 
experiments on cold-blooded and waim-blooded animals The subjective sensa- 
tions expel lenced by human beings aftei a dose of the alkaloid have also been 
recoicled The conclusions diawn fiom these experiments are fairly definite 
and tend to show that the diug, in the animals at any rate, has a stionger 
action on the coid than on the biain The marked depressant effects of the 
narcotine on the central neivous system found by some of the early workers 
were piobably due to the presence of other alkaloids of opium as impunties, 
due to impel feet technique 

7 Naicotme has been shown to have a depiessant action on the algesic 
areas in the biain and therefore lessens such symptoms as headache, pain in 
limbs, discomfort, etc , attendant on febrile conditions It undoubtedly poten- 
tiates the action of morphine and codeine so that much smaller quantities of 
these alkaloids would be effective if given in combination with naicotme 

8 The voluntary muscles are not affected The secretions do not appear 
to be greatly influenced by narcotme m therapeutic doses In toxic doses there 
IS a marked stimulation of salivary secretion but urine, sweat, etc , are hardly 
touched 

9 The toxicity of the alkaloid has been worked out The minimum 
lethal dose is to be 2 mg per gramme body-weight m the frog and 1 5 to 2 0 
grms per kilo body-weight m the cat Large doses such as 2 or 3 gims can be 
given in man without producing any marked toxic effects 

10 The drug has no effect whatsoever on the malarial parasites or the 
clinical symptoms such as fever, rigors, etc , occurring in this disease 
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11 This alkaloid could be employed m medicine foi its sjneigistic effects 
on the sedative propeities of morphine, codeine, heiome, etc By itself it is 
beneficial in allaymg cough, headache and othei minoi conditions producing 
pam of a milder type On account of its depressant action on the involuntary 
muscle tissue it would be useful in such conditions as asthma, whooping cough, 
spasm of muscular tubes such as the intestine, bile duet, uiethia, etc Tiials 
are being conducted on these lines 

We aie very grateful to the authoiities of the Opium Factory at Ghazipore 
and particularly IMr Gaskel and Mi Rakshit foi supplying us with sufficient 
quantities of naicotine foi oui experiments 
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1 DiSTHIBUTION of LiTHLRISM IN THE UNITED PROnNCES 

L\thyrism (endemic spastic paialysis) is not a very lare disease in certain 
aieas of the United Provinces Dm mg a recent period of 3 yeais, 22 cases of 
piimaiy spastic paraplegia (i e , excluding all cases with a positive W R and 
those seeondaix to tubeicle oi giowth) wheie lathyrisin was suspected weie 
admitted to the medical wards of King Geoige’s Hospital These cases lesided 
as follows — Lucknow 6, Punjab 3, Baieilly 2, Pilibhit 2, Unao 2, Kheri 2, 
Baiaich, Basti, Sitapm, Hardoi and Rampur State 1 each Dr Hargovmd 
Sahai with his many yeais’ expeiience as physician m-chaige of medical out- 
patients at King Geoige’s Hospital informed me that most cases he had seen 
came from the eastern districts of the province where the rainfall is high and 
the land low-lying, and that the disease was almost unknown in the western 
districts His experience i\as that Gorakhpur, Azamgarh, Balha, Lakhimpur 
and Sitapur provided most cases, whilst he had also seen an occasional case 
from Haidoi and Lucknov The Inspector-General of Cml Hospitals, United 
Provinces, was good enough to address 51 Civil Surgeons as to the frequency 
of lathvnsm in the United Promnees Their replies indicated that there were 
two areas in the United Provinces (Balha and Allahabad) vhere lathyrism vas 
not uncommon and one aiea along the Himalayan foot-hills (Gorakhpur, Gonda 
Basil, Baiaich, Sitapm, Pilibhit) wheie the disease was recoc^mzed The 

( 51 ) 
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leinviimntf clistuctb of the piovinte e-jpetuilly those m the ^^e^tcln half 'svere 
so fill as was known piacticalK fiee ol tlie ili->cnsc 

V-' till* ficquencv of tlie disease intieasccl so dcfiniteh tow.iids the eastern 
disliut-', enlnnnatin}^ in Ballia, the most easleinly situated of all, I asked the 
Inspectoi-Goneial of Cnil llo-pitals ol Biliai and Ou-sa foi mfoimation as 
to its distiibntion in Bihai and Oii-sa 'The Civil Snigcons of tins province 
weie good enough to leph indicating that latliMi-*!!! was conipaiatively not 
uneoniinon in noithein Biliai and piactitalK did not exist south of the 
Ganges 

The main Allahabad locus i-, aiound Shankeigaili, where the people eat 
peas and iiee This aiea is not fai fiom Rewai State, wheie lathyii^m is very 
common Obviously then lathyiisin exists m the United Provinces to a gieater 
extent than was foirneilv geneially bclie\cd and I deter mined to have the home 
conditions of my next case moic tully investigated 

The oppoituniLv ■'Oon incsentcd itself when one Baldeo aged 40, rvas 
admitted into my waul fiom Kheii district with spastic paraplegia of 11 
months’ duiation Baldeo stated that hie fatliei, uncle and only son had the 
■'ame disease, whcicas hu wife and daughtei weie healthy (It is lemaikable 
how fieciuently the women of tlie famih seem to escape ) Hi& wheat crop had 
been damaged to the extent of 75 per cent — and his diet and that of his son 
had conscquentlv consisted of giam 50 pen cent and of lathy lus pea 50 per cent 
with a little bailey At my request my house physician Dr R Chandra, mb, 
BS, Lucknow, was good enough to visit this aica for a few' day's Dr Chandra 
furnished a most interesting report and found that 10 persons w'eie affected 
with spastic paraplegia out of approximately 1,000 m this patient’s village 
In the next village there w'eie about 12 afflicted amongst 1,000 persons 
Similarly amongst other villages he visited the piopoition w'lth spastic paraplegia 
approximated 0 5 to 1 per cent The diet of these pooiei labourers approximated 
lathyius 50 per cent, bailey 33 per cent, w'heat 17 pei cent Di Chandia found 
several interesting examples of many cases of the disease nr one family It 
w'as somew'hat unexpected to find on investigation so definite a percentage of 
lathyius cases in this area 


2 DiSTBIBUllON OF LATHYKTJS CULiTlVATION IN THE U P 

I applied to the Director of Agriculture for information as to the areas in 
the United Provinces under lathyius cultivation The figures perhaps are not 
very accurate as to the actual areas sown by the villagers, and I am not in- 
clined to attach much importance to them On the whole they indicated that 
more areas existed under lathyius cultivation in the sub-Himalayan areas and 
in the eastern districts The actual figiues m areas were Gonda 3,036, Badaun 
1,454, Shahjahanpui 381, Moradabad 320, Bulandshahi 258, Paiiukhabad 192, 
Etah 171, Bareilly 99, Baiaich 82, Haidoi 19, Bara Banki 18, Kheii 11, 
Sitapui 2 
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3 The disease amongst man and animals 

Lathyiism inflicts ciuel hardships on the afflicted It is usually the pool 
cultivatoi in debt, the biead-winnei of a family, who with his intellect clear 
IS smitten down in his piime with this incapacitating stiff paialysis of the legs 
The foul stages, of cianips, of spastic paralysis, of bladder and rectal tiouble, 
and finally of inability to piogiess except by ciawlmg, follow each other in the 
uoist cases with lesentless sequence How apt aie Shakespeaie’s woids — 

‘Fimme ib m thv cheeks, 

Need md oppression staiteth in thine eye, 

Contempt and beggary hang upon thy back, 

The i\ 01 Id IS not thv fi lend, nor the world’s law ’ 

Animals do not escape Fowls, pigeons and paitridges eat the lathyius 
pea freely and iiith apparent immunity Ducks are leadily poisoned Of all 
animals the hoise is especially susceptible Many outbieaks amongst horses 
eating lathyius in feeding cakes nave been reported and some such outbieaks 
have formed the subject ot subsequent legal proceedings As long ago as 1820, 
the Pans Veteiinary School warned faimeis against using lathyrus peas foi 
horses as it caused them to become loaieis and to die if woiked The main 
symptoms of equine lathyiism aie (i) weak lumbar muscles (' gone m the 
loins’) (t?) Roaring (fiom lecuiient laiyngeal palsy) hn) Dyspnoea and 
sudden death on exertion {%v) Rapid and weak pulse (u) Debility, tremor 
and stiffness of the legs At rest the hoise might appear quite well, but on 
exeition attacks of the above symptoms mignt appear and disappear equally 
suddenly The first signs m some hoises is stumbling and staggering whilst 
at work so that, if pushed, they might stagger and even fall to the giound 

4 The cause of lathyeism 

Thioughout the centuiies in diverse countiies fiom the time of Hippo- 
ciates, the disease has been attributed to the consumption of the lathyius pea 
111 sufficient quantity ovei a sufficient peiiod of time What is the factoi in 
a mixtme of peas fiom a lathyrus crop that causes lathyiism? Fiom experi- 
mental woik Acton and Chopra indicated that the cause was a water soluble 
amine which vas mci eased during geimination and which could be removed 
fiom the lathyius by soaking the giain foi 24 hours m thiee changes of uatei 
{Ind Med Gaz , Nov 1922) But some ciops of lathyius will apparently 
produce lathyiism whilst othei ciops will not and the expeiimental work of 
many woikers gne discoidant results as to the poisomng propeities of lathyrus 
Andeison, Howaid and Simonsen, a team combination of a medical leseaich 
woikei with a botanist and a chemist, bj. a u ell-planned leseaich spiead ovei 
iiianj, months, shoved that a bazai specimen of lathyrus contained seveial 
distinct varieties of peas fiom which they separated amongst others two of 
special iiiipoitance, Lathynn^ bativus and Them sativa, vhicli they cultivated 
in botamcally puie culture They concluded that lathyrus was chemically 
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fiee liOiTi alk'iloids .md ll .it (‘Miiliolleii loudiiig cxpeiiinenta ovci long periods 
wuh diu k'' ,ind nu)nki\'' ■'luiuid that tin* giaiiis au liaiiiilt-"' and oven nouiish- 
ing to aniniaU hnind that \nui sdttin, a uocd coniinonly con- 

tamin.iting i litliNiii" (lop po-'-i >->( il .ilkalonlal ha-'t*' Oiu*, ilivicinc, piocluccd 
a cliaiacteiibcic and latal rli-ease ulien iiinoinlated into ginnca-pigs Vicia 
Mttiva when ltd to dtuk'. (aii^td ikatli, and in nionkcv-' piodiiocd charatteiistic 
non oils and nnisciilai •'\ in])toni'' Though -onit ol thefto 'lyinptonis liave been 
descii&ed in human lathy ii^'in they weie not yet jntpaied to state that Akta 
lb the caUbC ol lathy ii-'in in man {Ind Join Med Rti , , XII, 1, 1925) 

5 Till LlCKNOU 'lt)\GV I>OS\ l XI’HlIMbMb 

\\ a> the taUbe of l.itliMibin lesidiiid m Lathijiu^ tialiLnit,, oi m the con- 
taminating weed 1 K t<i sdtivd * It Is of the utmost imjioitance to decide tlib 
point foi in famine iieiiods, when \.ibt outbieakb ol kitliMisin aic apt to occin, 
the cfteetive pie\entative steps to be advised diltci acc'ndmg to which pea 
IS actually icsponsible Theiefoie I dcMbcd the following c\peiiment and, in 
consultation wuth Majoi L A P Andcison, ims, of the Ccntial Rdseaich 
Institute, Kasauli, J T Edwaids, Esci , ol the Imjiciial Institute of Vetciinan 
Reseaich, Muktcsai and Captain Hltke^ of the Cnil Vcteiinaiv Depaitnient, 
United Piovinces, put it into effect Tliice healthy tonga ponies w'eie pm- 
chased in the bazaai and kept foi a pciiod in (luaiantine Then age (2 ycais 
3 months), &e\ (male), height (10 feet 3 inches), giith (48 inches), shank (6 
inches), weight (50 seeis) and condition (fan) w^eie appioMinately the same 
and the ponies weie seen at foitnightly intei\als by”- Captain Hickey wdio 
lecoided then piogiess I saw the ponies daily'- at one feed and w^eekly at 
tiotting and canteiing exeicise To each pony the same basic diet W'as given, 
namely, thiee pounds of bailey wnth salt, a handful of lucerne wdien available 
and glass feeding ad lib To No 1 pony, a chestnut, named ‘ Vicia/ three 
pounds of Vicia sativa daily weie given mixed in the basic diet To No 2 
pony, a loan named ‘ Lathy nis,’ thiee pounds of Lathynis sativus daily weie 
given mixed in the basic diet To No 3 pony, a staiied chestnut named 
‘ Conti ol/ the basic diet only wms given The lathynis and vicia iveie giown 
in botanically puie cultuie at the Institute of Plant Industry, Indoie, Central 
India, and these pure strains I w'^as able to obtain through the courtesy of the 
Director, A Howxaid, Esq, cie A daily register wxas maintained of each 
pony’s feeds, exercise and condition Each feed was mixed and given in the 
presence of Di R S Lai, demonstiatoi in pathology at the King George’s 
Medical College, to wdioin I am indebted for this considerable help The 
amount of any feed left by the animal was entered in the register It was 
expected from the expeiience of previous outbreaks of lathy i ism m horses, that 
with this dosage of the pea symptoms of lathyiism wmiild appear in one or at 
the most 2 months 

The experiment started on 12th Novcmbei, 1928, and was continued until 
6th April, 1929, that is for 4 months 24 days, when it was forced to stop 
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owing to the exliaustion of botamcally pure strains of the gram At the end 
of this period, all ponies were m equal and excellent condition and had put on 
weight At no tune did they show any evidence of disease eithei at rest or 
durmg or after exercise 

6 A PLEA FOR FURTHER RESEARCH 

I conclude therefore that the experimental proof of the factor in a: lathyrus 
crop which causes lathyrism is not yet complete and I urge that further 
reseaicli may be devoted to the solution of this important problem 




THE CRYOSCOPY OP CALCUTTA MILK 


BY 

Lielt -Colonel A D STFAVART, mb,frcsc,dph,dtm s,h,iys, 

Professor of Hygiene, 

AND 

N L BANERJEA, Msc (Cal), aic, 

AssisfaiR Pwfessoi of Public Health Laboiatory Practice 
(School of Tiopical Medicine and Hygiene, Calcutta ) 
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The ciyoscopy of milk has been the subject of investigation for the last 
30 years and the consensus of opinion is that the freezing pomt of milk is a 
moie constant figuie as compared with fat, solids-not-fat, etc It, therefore, 
forms a safe guide to the detection of even a small amount of watering In 
a lecent papei A Van Raalte (1929) asserts ‘the method of the freezing point of 
milk deserves international acceptance ’ In fact the Dutch Government has 
fixed in its Milk Decree the maximum for freezing point at not higher than 
— 0 53°C , or in othei isords a milk whose freezing point is neaier to zero than 
— 0 53°C IS certainly adulterated E M Bailey (1922) of Connecticut, 
USA, found foi milk dei ived from individual normal cows a minimum 
depiession of —0 53°C and a maximum of — 0 566°C and similar figmes foi 
milk derued from normal heids In addition he found that disease or abnormal 
physical conditions in cows do not change the freezing pomt depression beyond 
the minimum limit of — 0 53°C R L Andiew (1929) of ISTew Zealand as a 
result of examination of 264 samples of milk derived from individual cows oi 
herds has lecentlj wiitten that the fieezing point ranges from — 0 550°C to 
— 0 560°C pioiided the determination be earned out according to Ins specified 
method This lemarkable constancy of the figure prompted an examination 
of the method for Indian milks We have, howeier, found that Ins method 
altliough suitable foi New Zealand is not at all applicable here where the 
laboratoij temperatuie of 35°C during summer months piecluded us from 
obtaining consist int lesults bj this method 

( 57 ) 
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In Mcu oi ail tlu'-'C lacf", it i-* \€iv that tlie ticezing point 

imahocl hni> not Ikhmi adopitil i'- an otfiiia! method in rndia uhcic genuine 

milk IS a laic coniinodity m a laigc citv like Caicntt.t The only previous 

uoik in India h that oi Di I eadaa ClDlo) oi Pii-a in 1915 He made his 

detoiinination'. on Punjab and Pii-a ((m-’ and hnnaloo' \kogetliei 77 samples 
uoie cxainined !)\ him and ino-’t ot the>c ucie dcantd horn a -ingle cow oi 
bufl.iio Hi- u-ult- aie a- follow - — 



* IllJ'llO'it 

1 

I 0\W s( 

V\ enge 

Cow 

0'o77°C 

O-olS^C 

0'512“C 

BiilTalo 

or 562” C 

O-siCC 



These figuics cannot be accepted foi Bengal without examination of local 
milks The laigest milk concern at Calcutta is the Co-opeiatuc Milk Union 
which deal daily w'lth o\ci 100 maunds The -n])pl\ is bi ought fiom villages 
situated w’lthm a ladius of 30 miles liom Calcutta Then milk is deiivcd 
fiom the COW'S mostly of countiy biccd which aie kept undci conditions 
(hffeimg fiom those of the Punjab and Pusa a- legaids climate and loddei In 
milk deiived fiom individual cows wc lia\e found a widci lange of vaiiation 
m the fieezing point than Di Lcathci, mz , liom — 0 49°C to — 0 oO^C andm 
case of held milk fiom — 0 53°C to — 0 59°C Eight) -nine samples ot genuine 
milk of COW' and bufialo obtained iiom laiioiH souices have been examined 
and m no rase has theie been any diftciencc in the lieezing point between the 
milks of the two animals The othei constituents of milks have also been 
deteiniincd w'lth a Mew to hnclmg a iclation between them and the iieenng 
point A few samples of goat and human milk iuue also been analysed 

Results — 


Name of ammal— 
Numbei exa- 

mined — 

Individual cow 

50 

Indnidual buffalo 

20 


* Max 

Mm 

Avi 

* Max 

Mm 

Avr 

F P 

— 0590“C 1 

— 0*490 "C j 

— 0549°C 

— 0590“C 

1 

-OSIO^C 

-0*554°C 

Fat (pel cent) 

90 j 

30 1 

54 

1 

j 

39 

67 

S N F ( „ „ ) 

954 

7*92 

1 SS5 

12*47 

9 21 

10 08 

Lactose ( „ „ ) 

53 

35 

4*5 

4*9 

27 

41 

Chloiine 

0-14 

0 062 

0*11 





*The teim 'highest' oi ‘maximum’ icfcis to the F P depiession As a mattei^of 
fact its significance will be leveised if this is lefeucd to the fieezmg point only, e g , — 0•49°C 
is gieatei than — 0‘59°C 
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Xame of animal— 
Number exa- 

mined — 

A big herd of cows 

14 

Mixed herd of cows and 
buffaloes 

4 


* Max 

Mm 

Avr 

* Max 

1 

Mm 

Avr 

F P 

I — 0 390°C 

— o-sao-c 

1 


— (7355° C 

-(7575° C 

Fat (pel cent) 

56 

, 3-9 

47 

59 

49 

54 

S N P ( „ .. ) 

1018 

8-44 

9*23 1 

1(725 

10-08 

10-18 

Lactose ( „ „ ) 

480 

3-40 

440 

5 1 

3:9 

46 

ChloTiaei „ „ ) 

0-094 

0-060 1 

o-os 

0-078 

(7061 

(7064 

Sp gr 15 5°C 

1033 5 

1029-5 

10320 

1034 5 ' 

10330 ^ 

1033-5 


Name of ammal— 
Number exa- 

mined— 

Herd of 
buffaioe- 
1 


Goat 

4 


1 

Woman 

4 


1 


■ 

i * Max 

1 

1 Mm 

1 

i Avr 

I 

*Max 

' 

Mm 

1 

Avr 

PP i 

— 0-590 °C 

1 

— (761S°C 

— (7565°Ci 

— 0 5S9°C 

j— (7595°C 

1— (r535°C 

— 0-566°C 

Fat (percent) 

5-2 

10-5 

66 

77 

' 44 

I 17 1 

33 

S N F ( „ „ ) 

96 

10-7 

035 

1009 

9-53 1 

1 885 

9-19 

Laetose ( „ „ ) 

49 

1 

49 ' 

41 

, 44 

06 i 

j 55 

6*0 

Chlorine ( , , ) 

009 

0-19 

012 

! 015 

c 013 

0097 

0112 

gr 15 5°C 

1033 
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Oiu a\eiage F P of — 0 549°C foi mdmdual cow’s milk is very neai 
what Di Leathei found foi his Pusa and Punjab cows and oui average for 
buffalo milk is slightH looser than his As regards goat’s milk the average as 
well as the highest freezing pomt depressions obtained are higher than those of 
Josheph end Martin (1924) vho found 0 o75°C and 0 591°C respectively for 
Sudan goats This is the only othei lefeience to the fieezing pomt of goat’s 
milk Me haie found Goat’s milk is chaiacteiized bj its slightly higliei 
amount of chlorides as compared w ith milks of com and buffalo m hose chlorides 
rarely exceed 0 1 pei cent No reference to the freezing point of human mdk 
h IS been found It does not, howexei, diffei much fiom the fieezing point of cow 

♦The term ‘highest’ or ‘miximum’ refers to the T P depression As <x mattcT^ 
tact Its sigmficancc miU be leiersed if this is referred to the ]ree 2 mg point onh, e^, — (rt9“C 
IS greater than — Qr59°C ’ ^ ’ 




77/r ('/ opt/ nj Cdldithi Milk 

and hull.tlo milk and oui dilici (i'j;uu> me tompmahk* to tho‘;c mentioned m 
the liteiatuie 

N-il tile samples weie e\aimiud uitlun I to (> lunn^ !iom the tune of collec- 
tion and then leiditv i iimi" tioni 0^ tu lu llime no (oiieition due to tins 
on the hee/mit!: point ua> ioiind neie--ai\ 

'ItHl lUlWlNO IHMM’ \ (imnilON Ul I’bUITY 

The Bengal Food Adiiiteiation Aet la\'' iloun the ininiimini peiniissible 
peicentagc oi fat as 3 a m lou'- milk and 0 m biitiido milk It also lays donn 
that if the solul-not-t it fall- behm 8 3 jiei cent .uni 9 pei cent in case of 
cow aiul bull. do milk it-'peitneh .uul the kuto-'O bcloM i 1 pei cent in both, 
the milk Is piesiimed (o be iduheiatt.d 'Fhe tollowing t\pical anahses 
oi genuine milk done in the emii't ol the piesont iiuestig.ition m.ay be examined 
m the light ol the picsciibed >tand.uds — 


Induidi \r (o\\ 

Mil K 

1 

\o I 

, \o II 

1 

i 

j No III 

1 

No IV 

Fit (pel cent) 

70 

jj 

! 

1 .->8 

1 5 1 

S N F ( „ „ ) 

7 99 

.s-is 

' 9 15 

9-Gl 

Lacto'ie ( „ „ ) 


j 

3 70 

5 30 

F P 

— 0 577 '’C 

-O-oTFC 1 

-0.573°C 

—0 567°C 


^ Com t 

Com 

B 


Foi cniilk 

1 

Stuppings j 

1 

Foieinillv 

Strippings 

Fat (pel cent) 

29 

1 

7 70 1 

35 

8-0 

S N F ( ,. „ ) 

S54 

7 79 

9 47 

s-si 

Lactose ( „ „ ) 


t 

5-30 

5 30 

F P I 

1 — 0 57S°C 

~0 570°C 

— 05S7'’C 

— 0 590° C 






1 

iNDlVIDini HUFFlLO 

Mivtd 

COM’ 


X 

Y 

P 

Q 

Fat (pel cent) 

S N F ( „ „ ) 

Lactose { „ „ ) 

F P 

70 

98 

27 

— 0'545°C 

55 

99 

17 

— 0545“C 

12 

8*44 

3 40 

— 0 550 °C 

5-6 

9-20 

450 

— 0560°C 


... . 

_ ~ - 
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In the case of individual cow's milk No I and No II, the S N F figure 
IS much below the legal standard Then genuineness is, howevei, testified 
by then noinial fieezmg point Compaie the milk III with milk IV, milk X 
with milk Y, milk P with milk Q If we go bv the lactose standaid of 4 4 pei 
cent, the milk III, X and P should be declaied as adulteiated But they aie 
genuine milks as shown by then noimal freezing point The ease of foiemillc 
and strippings affords a good illustiation on behalf of the freezing point 
standaid as the best test foi puiity In the foiinei a very low fat content 
and m the latter low S N F would otherwise condemn the milk These 
instances go to show that the freezing point method alone can distinguish an 
abijoimal, though genuine, milk from an adulterated milk It is to be noted 
that if the milk is drawn from the same cow in fractions (eg, foiemilk and 
stiippings), the freezing point lemains piactically constant This is very 
important as no other test except lactose can show this as illustrated m the 
milk from cow B 

Fixing the standard for the F P and examination of samples for phrita- 

Of the 50 samples of genuine individual cow milk examined, only 14 gave 
fieezing point above — 0 53 °C and of these latter only 2 gave the maximum 
of — 0 49°C In no sample of milk obtained from herds did it use above 
— 0 even in pasteuiized sample Pasteurization raises the F P slightly 

as will be shown 

As the average F P of individual cow’s milk is found to be — 0 549®C 
it being the highest of all othei ai'eiages, it is safe lo suggest — 0 53°C as the 
maximum F P in case of Calcutta milk, either of cow or buffalo oi mixed 
milk 

To find the possible amount of wateiing taking place, we examined samples 
fiom different sources Fifteen samples of milk fiom a ‘milk federation' were 
examined of which only 6 ueie found to be absolutely water -free Some of 
these samples weie purchased from depots and some were sent to the labor atoiy 
by the fedeiation The depot samples veie on many occasions fomid to be 
slightly wateied, but those sent from the federation office were found to be 
quite genuine A few siiipiise samples of theirs supplied to a Calcutta insti- 
tution sometimes showed a distinct tiaoe of watering The following are the 
typical examples m each case — 

Depot ^ample& 

( 1 ) 

13-8-29 

56 

9-20 8'29 

450 3-90 

— or 577 — 0'49 


48 
9-2G 
4 60 
— O’ 54 


14-8-29 


44 

s-is 

4 20 
— 0*50/ 


Sampler icnt by the fcdeiatton 
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77/r C/i/o^iop// of ('tilrutfa Milk, 

Vildod watiM o.ilodatt'd liojn ihc aui.ii'c fu'c/ui'' point of ~0 55T,in 
(1) 10 9 ])ei ((‘lit and in (2) 7 8 ptt mil Vllouin- toi the added watei the 
oii"inul inilkb uould li.nc tin* toiloum^ tonipoiition — 


{!) 

U) 

i‘ it (iKlllUt) l(l 

18 

y h' ( ) 0-30 

S'S7 

1 iitO'i' ( . , ) 137 

1 ~n 

Iii'ittlution sioiiplcs 


S-S-39 

lC-S-29 

Fu (iioi cf'nf) 

l“i 

^ N F ( ,. , ) 

S 11 

Lncto^o ( , . ) 3*3 

10 

F P — 0-337 

—0-19 

Poiconfaf'f' of 351 

ll itOlIIlff 

10-9 

On the basis of the fieezing point of the sample 16-8-29 evidently the 
sample of 8-8-29 has been fuithei watei ed at the institution m addition to 
pievious watei ing 

On allowing foi added watei, the oiigmal composition should be as 
follows — 

S-S-29 

16-S-29 

Fat (ppi pent) 5 1 

47 

S N F ( „ ) 

9 47 

Lictose ( , „ ) 5 2 

4 50 


Twenty-seven samples of milk fiom a heid of cows oi buffaloes oi fiom 
a mixed herd weie examined These samples weie from a local daiiy Only 
13 weic found to be genuine In the beginning seveial inoinmg samples weie 
sent, all of which piactically showed 7 pei cent of added watei A few typical 
examples aie given below — 


1 

Date 

1 

1 

1 

Nature of milk | 

t 

1 

Fat 

(pel cent) 

S N F 
(pel cent) 

Sp gr at 
15 5“C 

Lactose 
(per cent) 

F P 

9-9-29 

Mixed cow 

3-3 

849 

1029-0 j 

41 1 

—0*510 


Mixed buffalo 

79 

&59 

1026 0 ' 

3-8 ' 

—0^515 

12-9-29 j 

Mixed cow ' 

41 

S*48 

1028 5 

3-9 

—0510 

i 

» ^ 

Mixed buffalo j 

5*2 

S-47 

1028 0 

3*9 

—0510 
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On the complaint of ^^ateung being made, evening samples were sent to 
the labor atoiy most oi vlridr unfortunately turned rancrd and consequently 
the freezing points vent down 

A few typical examples are as follows — 


Date 

1 

Nature of milk 

i 

Fat 

(pel cent) 

S N F 
(per cent) 

i 

1 

Sp gr 

! Lactose 
(per cent) 

1 

F P 

16-9-29 

Mixed buffalo 

71 

10-51 

1 

1 

1034 0 

3-4 

! 

1 

—0 65 

20-9-29 

Mixed cow 

50 

9 67 

10340 

36 

—0-615 

V 1 

( 1 

Mixed cow j 

and buffalo ' 

6*7 

1002 

1033 0 

2-8 

—0 645 


Further complaint being made of rancidity, mormng samples were again 
sent, but this time the milking was done befoie a responsible officer All the 
samples hencefoiuard gave freezing points tjqncal of genuine milk The 
following are typical examples — 


Date 

Nature of milk 

Fat 

(per cent) 

S N F 
(per cent) 

Sp gr 

1 

1 

Lactose 
(per cent) 

1 

F P 

23-9-29 

Mixed cow 

46 

999 

! 

1033 0 

47 

—0582 


Mixed cow 

and buffalo 

59 

1 

1008 

1 1 

1033 0 

3-9 

— 0-555 

24-9-29 

Mixed buffalo 

46 

9-6 

1033-5 

47 

—0 590 


Mixed cow 

5-2 

9-6 

1033 0 

49 

1 

j 

—0-590 


Relation between lactose and freezing point 
In comse of analyses of genuine milk we have noticed that as the lactose 
increases, the freezing point depression mcreases This is only true, Iron ever, 
between certain limits of lactose percentage, nz , 4 and 4 9 From 4 9 per 
cent upwards and also from 4 per cent downwards, the freezing point remains 
constant Between 4 per cent and 4 9 per cent lactose, the curve is a con- 
tinuous diaight line Graph 1 is diawn fiom the mean freezing points 





^ Till' ('n/os( opi^ 

oht.uiK'il foi \.uvin '4 oi 1; 

Jiiixod imik eithei ot (cm oi hunalo i 


Examples 


Cum ifowirj raiu *ca m i 



Percentage of 


Lactose 
(pel cent) 

F P 

51 

—0*590 

49 

—0*590 

47 

—0-581 

45 

—0-574 

41 

-0*555 

38 

—0550 



34 


■0*550 
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In case of individual milks the i elation between lactose and freezing point 
IS not so iiiaiked In these it has been sometimes found that high fieezing 
point is associated vith low peicentage of lactose This happens towards the 
end of the lactation peiiod when the peicentage of chloiides uses The follow- 
ing examples illustrate — 



(!)• 

(2) 

1 

(3) 

Lictose (per cent) 

41 

42 

44 

Freezing point 

— wsgo i 

—0-590 

—0 560 

Chlorides ns chlorine (per cent) 

0*14 

0*13 

1 

0 064 


In Nos (11 and (21 low lactose associated with high chloiides gives quite 
a high fieezmg point vheieas in No (3) high lactose with low chloiides gives 
normal freezing point In mixed milk of cow or buffalo the peicentage of 
chloiides seldom exceeds 0 1 pei cent and it geneially vanes between 0 06 
and 0 09 

The abnoimal case of low lactose associated with high chlorides has also 
been noticed by othei workeis in case of the cows being kept on a poor or 
starvation diet 

Henderson and Meston suggest the cause ‘ the mammaiy glands of 
the cow when imable to get the coiieet proportion of food-stuffs adjust the 
osmotic pressure by derning an extra amount of chlorides from the blood’ 

A METHOD FOR RAPID ESTIMATION OF CHLORIDES IN MILK 

The ordinary method of estimation of chlorides in milk from the ash is 
tedious Slow Ignition is necessary in order to avoid loss of chlorides 
Chlorides (Richmond, 1920) inaj also be estimated by titrating milk directly with 
standard silver nitrate solution using potassium chromate as indicator In this 
method it is difficult accurately to judge the end-pomt The following method 
has been found to be quite easx and the results therefrom agree with those 
obtained from ash 

Ten giammes of mdk taken in a measuring flask is curdled with 3 drops of 
glacial acetic acid and heated on a water bath for 15 minutes and afterwards 
kept in an ice-box for another 15 minutes The lolume is made up to 100 c c 
It IS filtered The clear filtrate is cautioush neutralized with solid sodium 
carbonate (free Horn chlorides) An aliquot part is then titrated with 
standard sihei nitrate solution using potassium chromate as indicator 

Effect of pxsteurizatiox ox’ freezing point and other an alt tic xl values 

Pasteurizing is non used in Calcutta on a large scale Fresh muxed cow 
milk n as pasteurized in the laboratorx bx heating it to 145°F on a n ater bath 

J, MR . ‘ 
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and kccjnng it at thw toinpeiatme loi 32 minutca and then cooling it to 40°F 
Till's is the c’oiiiiiioii method ot pasUuiization 

RcbuUs — 


i 

j 

1 

Frc-h imik 

1 

On pnstcunzation 

Fat (per cent) 

52 

52 

S N F ( ) 

9*51 1 

9*71 

Lactose ( „ „ ) 

1 

1 10 

no 

Fi oozing point 

— 0r56-rc 

-0-519°C 

Chlorides 

0-062 

[ 

i O’OoD 

1 


The S N F aic inci eased ouing to loss of water, whcieas lactose dimi- 
nishes ouing to the destiuctive action of heat Consistent with this diminution 
of lactose the fieezing point is laised b\ — 0 015°C This is equivalent to 
2 8 pel cent of added watei, — 0 549°C being the avciage F P of individual 
cow's milk which is the lowest of all the avei ages, viz , that of mixed cow, 
mixed cow and buffalo and single buftalo A toleiaiice of 2 8 pei cent of added 
water, if allowed, would laise the F P to — 0 534 Undei the cii cumstances, 
the maximum fieezing point foi milk fixed at — 0 53 is not too high 

VXKIATION OF FREEZING POINT DOE TO WAa BRING 

The freezing point of milk is laised due to watei mg The following data 
have been obtained experimentally by adding varying quantities of watei to a 
genuine sample of mixed milk Its oiigmal fieezing point was —0 575°C 


Percentage of 
added watei 


Fieezing point 


2 


— 0f565“C 

4 


--0543“C 



— 0f55O“C 

'A 


— 0‘506“C 


1 

— 0490“C 

20 

1 

— 0*4S5“C 

25 

\ 

\ 

\ 

— 0-450‘‘C 
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Graph 2 



The trend of the cuive m Graph 2 from the above ib a straight line which 
IS diawn so that it passes through the mean position of the vaiious points The 
equation is = K (constant) Hence K is called the coefBcient of freezing 
point, y IS the difference of the freezing pomt from the original freezing pomt 
due to the percentage of added water X K as found here is 190 

Variation of freezing point dub to churning 

^loniei Williams (1915) sajs that the freezing pomt of milk is not appre- 
ciabh affected b\ the lemoval of fat In ‘Dairy Chemistry’ (1920) H D 
Richmond says ‘ Removal of fat has no practical effect on the freezing pomt ’ 
Thc'^e statements were examined with reference to local milks Seieial samples 
of milk weie churned m a Daisx chiiin until a fan amount of butter was 
obtained The buttei was skimmed off as far as possible Both the separated 
milk and the oiigmal milk were next examined for fat, freezing point, etc 
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Topical itsiiIU — 


; No I 

^^l.K 

No II 

MltK 

j OriHiti il 

NjurUtil 

Origin il 

Separated 

1' it (pel ctnt) .')0 

I* , —0380 

19 

1 

— 0-3J0 

3 1 

2-3 

I ictoso (jjei cent) 19 

1 

13 

* 3o 

5 1 



1 No III MILK 

1 

Origin'll 

lat Llnirning 

2nd churning 

Fat (pel cent ) 

1 5 

2-7 

1*5 

F P 

— 03(G 

— 0r513 

' -0-4S0 

L ictose (per cent) 


i 



It appeals that bv taking out 60 to 70 pei cent of oiigmal fat fiom the 
milk, a definite use in the fioezing point — 0 0o°C to — 0 06°C takes place 
This use is assoeiated with the diminution of lactose peicentage by 0 5 This 
amount of lactose becomes adsoibed on the buttei mass due to chuining As 
the rise in the fieezing point is higliei than that coiiesponding to the diminution 
in lactose, it is eiident that di'j'solved solid othei than lactose is also adsoibed 
at the same time 

Note on the method of reading the freezing point 

The Beckmann’s ciyoseopic appaiatus has been used tluoughout these 
deteimmations A piecaution of which no mention has been made any wheie 
IS found necessaiy to get concoidant lesults We have found that although 
we tiled to maintain the bath tempeiatuie very neai the optimum tempeiatiue 

4:°C , with a slight change m this tempeiatuie both the leadings for milk 

and watei change simultaneously with time But the actual difteience 
between the two leadings which is the freezing point of milk lemains constant 
till oughout 

Illustiative example — 



After 2 hours’ 
inteival 

Milk reading 

4 08 

4015 

Watei „ 

3*52 

3*455 

Diffcience (F P ) 

— 0 56°C 

— 0r56‘’C 
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It as theiefoie advisable aftei each milk leadmg to have the coriespond- 
ing vatei leading as quickly as possible To be still moie accuiate one should 
get the exact watei leading at the veiy instant at which the milk reading is 
taken This can only be done by taking the mean of the two watei readmgs, 
one befoie and one aftei the milk leadings at an equal mteival of time 

We have checked this method against the cane sugai solution method as 
suggested by kloniei Williams (1915) and found agieement between the two 
lesults 

In taking the freezing points of millc oi watei the innei test tube of the 
appaiatus with its contents is fiist lapidly cooled to about 1°C below the 
fieezing point by placing it duectly inside a stiongei fieezing niixtme than 
the bath The contents aie gently stiiied as the temperatui'e is going down 
The tube is then quickly lifted from this and the outside moistme quickly 
wiped off, it is then quickly inseited into the wider test tube immersed in the 
bath The stirimg is continued gently until the meicuiy is seen to rise when 
it IS momentaiilv stopped A supeicoohng of about 2°C m case of milk 
and 1 5°C in case of watei is noticed and hence any necessity of coirection 
due to this is thus obviated The thiead becomes almost steady within half a 
minute and the stining is lenew'ed gently Fuithei rise is noticed and the 
leadings are then taken eveiy half a minute The highest point to which 
the thread rises is the freezing point and heie the meicmy should lemam steady 
foi three minutes at least Often we find a gradual rise aftei this, but this 
is disregarded 

Sometimes it may happen that the contents of the tube fieeze befoie oi 
immediately after it has been put inside the outer tube The leadings thus 
obtained are not consistent and mvaiiably liighei than we got otherwise In 
such cases it is bettei to lemelt the solid and start cooling again in the outside 
bath, but cooling should be stopped at a little lugher temper atm e this time in 
Older to avoid early freezing befoie the tube is put finally inside the outer 
tube 

Andrew’s method Hoc cit ) suffeis from the above disadvantage in as 
much as the transference of the innei tube is recommended as soon as the 
mciciuy thiead is seen to use at the time it has been actually inside the' 
stronger cooling bath By the time the tube is wiped and mseited in the outer 
bath, the very high laboiatoiy tempeiature during summei months at Calcutta 
heats up the tube dming transfeience and laises the freezing point quite 
appreciably Consistant readmgs are thus rendered impossible 

SUMaiARl 4XD CONCLUSION 

Fieezing points of several samples of milk, eg, of cow, buffalo, goat and 
voman have been determined The maximum for cow and buffalo milk should 
be fixed at — 0 53 °C It is the best ciiteiion of puiity foi abnormal milk 
possessing a low' fat, S N F and lactose percentage Within certain limits 
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of laclosc pcicoiitago, it \anc^ du tcth ai lactose in cn^e of mixed milk 
Thcic H a pcucptililo ii'^o in ficc/.ini' point due to cliurning and pasteunzing 
A modification in the iMial method of dcteimination ha-j been suggested m 
01 del to get atiuiate icsult> 

Cm thank'' aie to ]Mr O 0 De, n-'t , loi lia\mg earned out several 
dctcimination'' of huto-'C, tat aiul ‘'pcdfic giavits and also foi having taken 
gicat pull" 111 collecting genuine "amplc" of milk We aie indebted to Dr S 
Ghosc, use, toi kmdh lending his appaiatiH 
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The electiical conductivity of oidmary water depends on the substances 
dissolved in it, and in most oidinaiy wateis wheie the amount of saline sub- 
stances dissolved is comparatively low, the electrical conductivity (E C ) is 
directly proportional to the total amount of dissolved saline matter, commonly 
denoted as the ‘ total solids ’ The electiical conductivity can be deteimmed 
in a few minutes, whereas the estimation of the ‘ total sohds ' takes a consider- 

i mi- i electrical conductivity (EC) . , , , , 

able time The ratio total ' solids ' (T ~' S ) gives a factor which for 

any paiticular class of watei is comparatively constant, and this factor having 
been deteimmed for this class of water, the E C will enable the total solids to 
be quickly calculated Eurthei any change in the amount of dissolved sub- 
stances will be quickly reflected m the E C when such change might be 
difficult of detection by the ordinary methods of analysis An investigation 
into Bengal waters was undertaken with the object of determining the value 
of the E C and of the i atio F C /T S It has been found that this factor 
lanes foi diffeient classes of watei and for this purpose, Bengal waters may be 
divided into thiee categories — 

(a) Flovnng surface waters — such as rivers and springs 

(b) Stagnant surface waters — ^tanks, bhils and shallow wells 

(c) Subsoil vaters — deep veils and tube wells 

Table I gives the result of the exammation of a series of river waters 
It 13 obvious from these that the readings of turbid waters are unreliable and 
that the ‘ total sohds ’ figure must refer only to the ‘ dissolved solids ’ The 
E C of such turbid vaters is extremely low, the suspended matter interfering 

( 11 ) 



Oil IIk' I'jIiu h ti (i{ Oini/hn t u if 1/ of l>i iitjal ]]'att’i'i 

sciioU''l\ with tlie t onilut ti\ ii\ Ila/.im*-' ilue to •'lif^Iit qiiitnlilic-> of ‘^ii'^pended 
matter aKo alteet-' the E CJ to a mou oi le-"> (on^itleiablc degree When tho 
uatei- iiK deal, lehahle iL>ult> lu uot and the iivtio E C / T S I'l heic fovmdto 
ho between 11 and 12, tlie a\ciage being 12 5 ('rhe E C is measured in 
megohnii? 1 

Table II gixe- tin. finding-^ in a Nfiie" ot tanU'^ and bhallow' wells Thc'e 
being compaiati%el\ liee fioin suspended niattei'-, the leadings aic piopoitiona! 
to the di-'-'ohed -aline inatlti The latio Id C /!' S \aiie- tioin 11 to Hand the 
a\ciagc lb 13 3 Theie aie in thib -eiie-- ^oinc wateib gi\ing latios lying outside 
the abo\e lange, eg Mulnapoit, V-an-ol aiul Alipin Dnai- TliObO wateib aic 
not btneth alluMul and the c\i>lanation nia\ he m this fact On anahsis 
thcbC watci- bliow .1 huge .unount of oig.inie inattei, tlie inineial matter 
(chloiidcs, caibonates and CO_ fice oi combinecn being compaiatively small 
m amount 

In Table lit aie collected the le-ult- of examination of a senes of deep 
and tube well wateis thioughout the piovmce and a lew' samples fiom outside 
The amount of dibbolved •'aline mattoi m thib ib much highci than m Tables 
I and II, but the a\eiage figuie of E C /T S i- about 13 Exceptionally loi\ 
ratios aie given by a few placc«, eg, Jalpaiguii, Andaman Islands, Avheie the 
low figiues aie piobablj due to a laige amount of oiganic inattei The effect 
of flee CO. in excess in laising the latio is showm in 'sample 36 As many 
ground wateis aie rich m fiee CO., this fact should be boine m mind m the 
examination of such waters 

The electrical conductnity figuie deserves a wider use than it possesses 
at present in routine water exaniinations Distilled wmtei for use in laboratoiy 
w'oik should not give an E C reading gieatei than 2, this gives a btandaid foi 
distilled water difficult to fix m any othei way 

The Diomc Water Tester supplied by Ever shed and Vingoles was used in 
these examinations and is a satisfactory instiument, the collection for tem- 
per atuie IS earned out by adjustment of the columns of water under examina- 
tion 


Table I 


No 

1 

Souice of sample 

1 

Date 

Total 
solidb at 
100° C 

E C at 
20°C 1 

E C 

T S 

1 

Remarks 

1 

Rivet Hooghly at Chinsmah 

12-3-29 ! 

96 6 

340 1 

1 

36 

Turbid 

2 

1 

Hooghly Rivei ueai Howiah 
Watei Woiks 

27-3-29 

128 8 

385 

2*9 

Do 
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Table I — contd 


\ 

No 1 

1 

i 

Source of sample 

Date 

Total 
sohds at 
100°C 

E C at 
20°C 

E C 

T S 

RtMARAS 

3 

Rivei at Ramganj 

11-5-28 

1 

607 0 1 

113 

0rl9 

Very turbid 

4 

Ruei Burdwdu 

11-5-28 

3r6 

195 

58 

Turbid 

5 

( 

Ruei vt Sun 

18-5-28 

288-2 

104 

0-48 

Do 

6 1 

Raw Rnei IVatei at Baukuia 

! 7-6-28 ' 

1 1 

431 

13 

0-3 

Do 

7 1 

Rner (Baokm-a) Raw Sump 

I 9-8-28 

855 

165 

19 

Do 

! 

Well after CMoimatiou 

i 





8 

Rirei Ramganj — Raw Service 

13-8-29 

23-0 

110 

48 

Do 

' i 

Resell oir 

Rner at Utter para Raw 

21-8-28 

78-0 

148 

1 

1-9 

Do 

10 ' 

Hooghly Rii ei at Seiampore 

28-8-28 

104 0 

142 

136 

Do 

11 1 

Rner Water at Sun ] 

, 17-2-28 

I 1 

20-5 

1 145 

70 

Ha^ 

1 

12 1 

River Bankuia ' 

5-3-29 

50-3 

365 

7 27 

Do 

13 i 

River at Sun 

16-4-28 

13-8 

103 

75 

Do 

14 1 

Lower Ganges (Padma) 

1-5-28 

35 5 

245 

70 

Do 

15 ^ 

J Rii er at Dacca 

1-5-28 

23-2 

260 

11-2 

Slightly hazy 

“i 

River Sitallakslia, Dacca 

9-5-28 

17 2 

200 

116 

Do 

17 j 

Cos^e River at Midnapoie 

9-5-28 

13 0 

80 

6-1 

Hazy 

18 j 

River at Sun after Settlmg 

18-5-28 

29-8 

300 

10-0 

Very slightly 

1 

with Coagulant 





hazy 

19 

Raw Ri\ei Water at Ramganj 

18-5-28 

26 5 

275 

10 3 

Do 


1 after Settlmg with Alum 






20 

Sun Rner Water after 

12-6-28 

14 5 

95 

66 

Hazy 


Settling 




1 

21 

Sun Rner Water after Chlo- 

6-S-28 

20 0 

112 

5 5 

Do 


nnation 


110 

92 

8-3 

22 

Hooghly Rner at Serampoie 

28-8-28 

13-5 

142 

10-5 

Very slightly 


after Settling 

( 

1 




hazy 

23 

Rner Bankura after Settling 

4-9-28 

19 0 

200 

10-5 

Hazi-^ 

24 

Rner Water — Sun 

8-12-28 

' 18-0 

1 

165 

9*1 

Slightlj hazy 

25 

Rner Hooghly at Chinsurah 

10-1-29 

39 0 

400 

lQr3 

Hazj 


Wrter Works 





26 

Rner it Burdwin Water 
11 orkb 

15-1-29 

25 0 

205 

8-2 

Verj hazy 

27 

Rner at Beiliampoie Water 
Work= 

19-1-29 

410 

450 

110 

Slightly hazj 

— 
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Tvjim, I — toiultl 


No 

f-oiirto oj '■Ttiiiilt 

D itc 

'I’ot ll 
iolldi it 

100 c 

K C It 
20 C 

r, c 
r b 

RlM lUKS 

is 

\n;:ln-Iiuli 1 .Into Mill Uiut 

i 5-1-29 

5>0 

160 

13*1 

Vtr\ slightly 

iO 

it Ml iiiin m 11 . il-I’ hi; III H 
lli\ Li it '^ci iiii;uiu 

21-1-20 

10 0 

.590 

97 

ll 173 

Slightly liaz 3 

30 

liner at Ilinkiin \\ tier 


.51 0 

310 

110 

Do 


ork^ 


j A( tii ll 







j iniaenil 







1 loiind 




) 

1 



2.5 17 


115 


31 

Rnei it M 3 mciiiingh 


j 13 0 

SO 

61 

H izy 

32 ! 

Unoi .it Ciiaailpiir 


1 

To 

j 56 

1 ■' 

Do 

33 

Rnoi 11 ltd it Ik'ih iiiiiioic 

15-2-28 

270 , 

i 100 

118 

Mniost clear 

31 

IIooghlvRnoi it Kankiiiiii i)i 

' 21-2-2S 

' 2S-G 

1 j 

1 3S0 

13 3 

Do 

35 

Rncr HoorHIj at C'himtii ili 

12-3-29 i 

! 212 

310 

110 

Cleii 


.iftei Settling Thoioii';lil\ 


I 

1 

132 

Almost clear 

36 

Rnei it Buidw in 

21-3-29 

1G6 

220 ' 

37 

Hooghlj' Rn Cl no n Cliin«!ui i!i 

3-1-29 

23 2 

315 ! 

13*6 

Do 

38 

River at Raniginj 

10-1-29 

166 

205 i 

12 4 

Nearly clear 

39 

Rnei at Buulwan 

10-4-29 

ISrS 

210 j 

112 

1 Do 

40 

Hooghlv River at Beihimpoie 

17-4-2S 

26 0 

370 

14 2 

! Cleai 

41 

Rivei (Bankun) Ran Siiiiip 

9-8-28 

13 0 

152 

11 7 

Almost clear 


Well aftei Chlorination 






42 

Rivei Raniganj — Raw Seivice 

13-8-29 

12 0 

133 

110 

Do 


Reservoir 






43 

Rivei at Utterpara — ^Filtered 

21-8-28 

210 

260 

12 0 

Do 

44 

Spang Baiabakund, Chithi- 

3-9-28 

107 0 

1,450 

13*5 

Clear 


gong 






45 

Pump Watei Woiks, Binkuia 

3-9-28 

90 

132 

147 


j 

46 

C W R — ^Beihampoie Watei 

1 18-9-28 

13 8 

172 

12 5 



WoiLs ' 

1 

I 





47 

Rivei Watei — Raniganj 

10-12-28 

16 0 

200 

125 

Almost clear 

48 

Rivei — Beihampoie Water 

11-12-28 

28-0 

410 

146 

Do 


Woiks 






49 

Rivei at Knshnagai 

11-12-28 

24 0 

290 

12*1 

Do 

50 

Spang at Chcaapunji 

10-12-29 

2 45 

19*5 

SO 

Do 

51 

Hot Spang — Noith Cachai 

22-12-28 

42 43 

475 

112 

Do 


Hills 


1 



— 
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No 

Source of water 

Date s 

Total j 
lolidsat ‘ 

100°C 

E C at 
20°C 

1 

E C 

T S 

Remarks 

1 ] 

Reserved Tank — Khulna 

21-2-28 

210 

295 

140 


2 ^ 

Well — Maldah Sub-Jail 

27-2-28 

55 0 

705 

12-9 


3 

Well — Pirgacha, Rangpui 

27-2-28 

18*2 

240 

13-2 


4 ' 

Tank— Dattapukur, 24-Par- 

ganas 

28-2-28 

22-0 

285 

13 0 


5 

Tank— Natoi Water Works 

5-3-28 

19-0 

255 

13 4 


6 

Tank — Satkhiia 

12-3-28 

19 5 

280 

143 


7 

Tank — Sagoi Police Station, 
24-Parganas 

16-3-28 

63 0 

860 

1 

1 

13 6 


8 

Hell — Kuiigiam Sub-Jail 

2-4-28 

33 2 

445 { 

13-4 


9 

Well — Midnapoie Water 

Works 

2-4-28 i 

8:0 

102 ' 

12-7 


10 

Tank — ^Nator 

2-4-28 

16 8 

252 

15 0 


11 

Well — ^Basirhat Police Station 

10-4-28 

88-0 

1,220 

13 8 


12 

Tank — Krishnagar Police 

Station 

17-4-28 

23-0 

300 

1 

13’0 


13 

Tank — Khulna Water Works 

17-4-28 

18-0 

270 

15 0 


14 

Tank — ^Dacca 

1-5-28 

36 0 

430 

11-9 


15 

Well — ^Ddcca 

11-5-29 

36 0 

448 

1 

12-5 


16 

Well— Maldah 

2-7-28 

12*5 

1,400 

112 


17 

1 Khulna Tap Water 

2-7-28 

17*0 

225 

13*2 


18 

Well at Chuadanga, Nadia 

20-6-29 

42 4 

580 

13 6 


19 

Riipur Well 

20-6-29 

52 2 

605 

1 116 


20 

Tank — Khulna 

13-8-28 

19-5 

235 

12:05 


21 

Well — Jessore 

14-8-28 

53 0 

605 

114 


22 

Sump Well-Suri Water Work- 

5 

1 105 

1 

1 

j 120 

I 

114 

Very slightly 
hazy 

23 

Well — klidnapore Central Jai 

1 10-3-28 

1 

1 13*8 

1 

1 150 

10‘S 


24 

Well — Dacca 

1-5-28 

j 42-0 

1 400 

9*5 

Hazy 

25 

Well — Asansol 

2-7-28 

; 47*0 

' 450 

9*4 




A j^IETHOD OF LOCATING UREASE WITHIN TISSUE BY 
A MICROCHEMICAL METHOD 


BY 

PARIMAL BIICAS SEN, m sc , 

P^emchand Roychand Scholar 
{From the Biochemical Depaitment, Calcutta University) 

fReceived for publication, December 7, 1929 ] 

To find out the exact location of urease within a tissue I have 

adopted the followung method — ^When a solution of uiea is added to any 

solution containing mease, then mea m the solution is split into ammonium 
carbonate It has been found out that this leaction takes place even if 
alcohol or acetone is piesent m the solution in a considerable proportion 
(80 to 85 pel cent), though the late of the leaction is then considerably 
slowed down In this concentration of acetone oi alcohol the mease within 

cells IS quite insoluble So when mea comes in contact wuth this mease, 

ammonium caibonate is formed exactly in those places where mease is piesent 
By using various neutial salt solutions for obtaining insoluble carbonates by 
double decomposition with ammomum carbonate, the exact location of mease 
may be found out These carbonates wmie render eel visible by various 
methods The salts of calcium, copper, lead, nickel and cobalt were used 
The outline of the method for each salt and its respective meiits and dements 
are discussed below 

Calcium 

Small pieces of jack bean seeds are soaked for two daj'^s m a solution 
containing 0 1 gim of calcium chloride, 0 1 gim of urea, 85 c c of ethyl 
alcohol and 15 c c of fi eshly boiled distilled w ater The brisk ebullition 
of caibon dioxide when the tissues are placed in acetic acid, show's the 
abundance of calcium caibonate formed by this reaction The tissues are 
then dehydrated and pcimancnt sections are prepared by paraffin method 
Aftei fixing the sections of the tissues on cover slide, the paraffin of the sections 
aie dissohed awmy with z-slol Then tire's are washed with absolute alcohol, 
lower giade of alcohol and finally with water Washing with distilled water 
IS continued foi some time, so that all calcium chloride or any other chloride 
or soluble salt piesent in the sections is washed awaa bv the distilled water 

( 79 ) 
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Method of fjotdinni U inisc iiillini a Tis^ntr 


1 1k‘n \ie tluMi tiouterl with 0 I pn (I'lit "ihei niti.iti* •solution in daikness for 
5 to t) iiiiiniti'-^ .111(1 thill ua-'lud ‘■iweial tiiiu*- witli di'^tilled watci to make 
them lii‘i' lioiii .ill >ohil)lo --ihei -.ilt-' 'I’lii '•citioii') aio now developed in 
hjiht W’ltli foi 111 . tldeln dr '•(dutioii oi .unidol .md then wa-^hed with h\po solution 
and ex.iniined Kn .i lontiid ''iinil.u •'eitioii' without inea .ue picpaicd and both 
.lie cx'unined ■'uh' 1)\ ''ide Site-' oi uica'-e .ippeai a-' bhuk dcpo-'it^ 

The deteets ot the method .iie is lollows — 

(1) Sihei nitrite foinis in-oluble ■'alt*' with -'Oinc .icid ladiclcs other than 
eaibon.ite. -'luh a-' ihloiidc, bioinide, etc 

(2) Nuclei of ceitain cell-' .lu "tamed 1)\ "ihei niti.ite 

(3) It is veij difficult to wa-'li .iwa> sil\ci fiom a section containing 
piotein 


Omni Mi'i II s 

The use of sihei nitiate ni.i\ be dispcn"ed wuth if a salt is chosen wdiicli 
IS not injuiious to the en/june, and whose caibonate is colouied oi may be 
lendeied colouied by U'=(e of a leagent othei than sihei nitiate 

Nitiates of coppei, lead, nickel, and cobalt weie used foi this pin pose 
Deposit of caibonate weie obtained b> using in the leagent the nitiate of 
one of these metals instead of calcium Then jieimanent sections weie pre- 
pared by paiaffin method Aftei washing the sections seveial times with 
distilled watei they w'eic ticated w'lth a satin ated solution of liydiogen 
sulphide foi seveial minutes until complete blackening takes place 

Advantages and disadvantages of the methods aie discussed below — 
Coppei — Bluish gicen insoluble caibonate is foimcd This wdien tieated 
with satin ated solution of liydiogen sulphide tin ns black The method was 
discarded as coppei has an affinity foi pioteins, so even when the sections aie 
caiefully washed they assume a diffuse biowmsh stain aftei tieatment with 
liydiogen sulphide solution 

Lead — ^The carbonate of lead which is formed m the tissue is of a very faint 
cream colour Aftei tieatment with a saturated solution ot hydrogen sulphide 
black lead sulphide is formed By leason of the affinity of lead salts for 
pioteins it has the same disadvantage as coppei 

Nickel — ^Insoluble carbonate of gieen coloiii is formed When tieated with 
a saturated solution of hydrogen sulphide the carbonate turns black No pei- 
ceptible precipitate of protein is formed when a solution of nickel nitiate is 
added to a protein solution 

Cobalt — Insoluble bluish purple precipitate of cobalt caibonate is formed 
When tieated with a saturated solution of hydrogen sulphide the caibonate turns 
black No precipitate is formed when cobalt nitiate is added to a protein 
solution 

Out of the above four salts cobalt nitiate was chosen as it has no action 
on piotem When tieated with a dilute solution of sodium sulphide oi 
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a satuiated solution of hydiogen sulphide, a veiy insoluble sulphide of cobalt 
IS foiined The diffeience of coloui between the nitrates and the caibonates 
of coppei, lead, and nickel is veiy small but in the case of cobalt it is 
consideiable When theiefoie a tissue containing mease is treated with urea 
and cobalt nitrate, the portion containing mease turns bluish purple and the 
lemainmg portion is coloured pale pink By this method the location of mease 
can also be made macioscopically 

General technique of the method — 

A small piece of tissue is taken and infiltrated with the following solution 
'’.or about an horn — 


Alcohol 

80 c c 

Cobalt nitrate 

1 0 grm 

Distilled water 

20 c c 

13 then transfer red to a solution containing — 

Alcohol 

80 c c 

Cobalt nitrate 

0 5 grm 

Urea 

0 5 grm 

Distilled umter 

20 c c 


The tissue is left in the above solution for about 48 horns, but if the 
formation of precipitate is veiv scanty, it may be left in the solution for about 
12 horns more If the formation of precipitate is very considerable it should 
be removed from the solution earlier The tissue is then prepared for the 
microtome by the new collodion method oi by the pai affin method The sections 
are leiv carefully washed free from soluble salts with distilled water and then 
treated with a dilute solution of sodium sulphide or a saturated solution of 
hydrogen sulphide The deposits of cobalt carbonate in the sections will 
gradually turn black After the action is complete thev are washed several 
times With distilled water and mounted permanently in the usual manner A 
contiol section for comparing the changes is prepared by leaving out urea fiom 
the cobalt nitiate alcohol solution The changes are as follows — 

with cobalt nitrate 

Urea + Urease Ammonium carbonate ^Cobalt carbonate 

with hydrogen sulphide 

Cobalt carbonate > Cobalt sulphide 

this method a fairly sharp picture of the location of mease -within 
tissue may be obtained In the case of mease in the tissues of animal 
‘5uch as the stomach of the dog, better results may be obtained if 60 per 
cent alcohol is originally used in the cobalt-uiea solution and then the 
ppicentage of alcohol in the reagent is gradually increased to 80 per cent 
Photomicrographs of some sections prepared in the above way are given in 
Plate W accompam ing this paper 
J, MK 


6 



EKPL\>rATiox or Plvte IV 

Fig 1 Seetion of a cotyledon of jack bean which was tieatecl wnth alcohol- 
cobalt-uiea solution The location of mease is seen as black 
icticular lumjis engulfing small staich gianuies m tiieir meshes 
„ 2 Section of 'similaily tieated ladicle of jack bean 
„ 3 Section of the stomach of a dog which was tieated wuth alcohol-cobalt- 
uiea solution Seveial black dots wnthm the nuclei show the 
positions of mease 

„ 4 Photomiciogiaph of a section ot the stomach of a dog wdiich was 
tieated wuth alcohol-cobalt solution without mea and was used as 
a contiol section foi compaung wnth section Fig 3 



Pl\te IV 



Tig 3 


Fig 4 




STUDIES IN DISINFECTION AND STERILIZATION 


Part II 

CHEMICAL CONSTITUTION OF TERPENES AND THEIR 
DISINFECTING PROPERTIES 


BY 

P K DE, Msc, 

Department of Btochenizstry, 

Indian Institute of Science, Bangalore 

[Received for publication, December 14, 1929 ] 

A REVIEW of the hteratuie fl — 15) shows that earhei studies on the relation 
of chemical constitution to disinfecting powei weie chiefly confined to simple 
compounds of the aliphatic and the aromatic series, coal-tai dye-stuffs and 
organoraetalhc compounds Though the disinfecting properties of a great 
many terpenes and their derivatives are known, yet no attempt has, so far, 
been made to con elate them with the chemical constitution of the different 
compounds conceined An investigation was, theiefoie, staited ivith a vieiv 
to (a) evaluate the disinfecting powers of some representative terpenes and 
then derivatives under identical, controlled conditions, (b) study the nature of 
the relation of phenol coefficients obtained bv the present author and some 
previous wmikeis to the constitution of the compounds examined, and (c) suggest 
means for the enhancement of the disinfecting properties of such compounds as 
weie found to be inactive eithei bv introduction of suitable active gioups into 
then molecules or bv breaking them up into their active constituents as the case 
may be 


Experimental 

The phenol coefficients of the various compounds were determined by the 
Rideal-Walkei method using Bacillus typhosus (Hopkins) as the test organism 
Although the method is subject to much criticism, yet values obtained by it 
weie found to be capable of indicating, witli consideiable apcurac}, the relative 
geimicidal activities of different substances of the same cla^s when tested 

{ 83 ) 
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tt) Disin/rt tnni niifl Stn 


undci ngklK eontrollcil (’ondition^ A nu\t(ue of pure sodium oleate aad 
sodium eaiboimte u.i'i iked O'- tiu* cnmhiUing agtnt in piefcrence to ouhnarj' 
soap> .In tile iiiipuiitK'i miuiilU pie'tnt in the l.ittei would have vitiated 
the icniiUn to .1 ( on->i(li I .ihit < \tent ^tiue in in.iiiv i.i'i" the Nuh-tanccs were 
solid, thcv weie fiiNt diN..olved in the niminuim (luantitv of .alcohol and then 
tieatcd with tlie icquiiod volume of the einulNitving agent In a few cases 
aqueous •solutions of the NuliNtanccN ueie aho tioCtl Since it was obseived tlmt 
the authoi’N figuies vvcie gcneialiv' m cIonc agi cement with those of Penfold 
.vnd Chant (102.1 — *27) -onR oi the l.itiei’N le-ultN loi NubNiamcN which vveie not 
locally available vveio mtoi pointed m the following table with a view' to 
illustiate the difteient pomtN laiNcd m the diNciiNSion — 


Snhst'ince 



Chtmit d forniid i 

, Phenol 

1 coefficient 

IIy(hoca\hon\ — 




I 

C unphf'Uf' 




1 Less than 1 0 

* Cv'mone 



CH, an, an, 

SO 

1 

Monthono 




1 Less than 10 

Pmenc 



CioHj-j 

1 

1 >; 

* Phellandiene 



CioHw 

it 

* Limonene ^ 



CaaH» 

1 .. 

Alcohols — 




i 

Gei aniol 

CHs 

CH, 


C CH CH CH. C(CH.) CH CH.OH 

i 

1 

1 

1 19 0 

Citi onellol 

CH. 

C(CH,) ca CH CH. CHCCH,) CHs CH.OH 

155 

Linalol 

CHs 

CHo 


C CH CH.CH, C(CH,) CH CH, 

1 

OH 

140 




CH? QHp 

50 0 

Menthol 



CHj CH ^ CH C 3 HJ 

CH? CH(0H) 

Terpineol 



CH CHz 

^CK.oMW2 

60 


■^Fiom Ponfold and Ginnt Uoc cit) 
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Substance 

Chemical formula 

Phenol 

coefBci 6 nt 

Alcohols — concld 

Borneol 

C,H» ^ 1 

^CH(OH> 

10 9 

1 

* Piperitol* 

CHj CHOH 

*^“3 C 3 H, 

CHj CH 

13 0 


CH^ CH 2 


Terpm hydrate 

\cH eCcH^vort 

HO N / 

CHj CHg +H20 

16 

1 

Esters — 



*Geian>I acetate 

H,C 

\c CH CH CH, C(CH,) CH CH, OOC CH, 
H,C/ 

Under 1 0 

* Geranyl a alerianate 

H,C^ 

\C CHCH,CH,C(CH,) CHCH,OOCC,H. 

1 H,C'^ 

1 

20 

* Citronellvl valeri- 
anate 

i HC C(CH,) CH, CH, CH, CH(CH,) - 

j CH, CH, OOC C.H, 

20 

Oxtde — 

1 CHg Crtg 

i ^ '=.('=” 31 , 

1 1 


Cmeole 

5 S 

Phenols and their 

denialives — 

Thymol 

i 

1 

pu CH 

CH 3 C 3 H, 

CH COK 

270 


1 CM CM 


■' Australol 

HOC<^ CHj CHj CHj 

225 


CHj CH 2 


Eugenol 

CHa 

12 7 


GHjO 


Safrol 

i CH CHj 

1 

100 


* From Penfold and Grant (loc cit ) 



8 () 


Sfiali< s III Dtsiitfi’i hon <1)1(1 Sh'i ilizahon 


Mlbst lIlLt 


ChciijK il forimil i 


Phenol 

coefficient 


PhtiioL itiul Hut) 
(It riLatiLi s — LOiuld 

* Elcmicia 


CH-jO, 


CM»Q' 


:o- 


CU^ CH C»J 


Just under 
10 


Aldchurlc-^ and keto- 
nes — 

C.unpljor 


C.Ifu 



70 


* Menthone 


C»HCH 


CHj CHj 

o CH C3H7 

CHi CO 


100 


* Pipcntonc 


CH7 C K 
CH3 CM^ 

CM} CO 


80 


* Phcllandral 


Ciimic aldehyde 

Citial 

Citionellal 


CH^ C Ha 

OHCC O CH C3H7 
OH CHj 


9J25 


OHC C,H. C,Hr 

CH, \ 

C CH CH, CHz-C(CH,) CH CHO 

CH, / 

CH, C(CH,) CH, CH, CH,-CH(CH,) CH, CHO 


12 7 
17 9 

13 0 


Sesquiterpenes and then 
derivatives — 

Longifolcne 

Santalene 

* Aiomadendrene 
B-Santalol 

* Eudesmol 


Ci,H,4 


Less than 1 0 


C,.H„ 

C„H„OH 

C.,H„OH 


14 

Less than 1 0 


Tnchloio denvative 
of a sesqintei pene 


Nitio derivative of a 
sesquiterpene 


*Fiom Penfold and Giant Hoe eil) 
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Discussion 

It IS as observed that hydrocarbons were practically non-germicidal while 
their derivatives particularly those containing the groups, — CH, — CHO, — 
CO., — OR, and — 0 — had faiily high values It may, therefore, be inferred 
that introduction of such groups in the molecule enhanced germicidal power 
Thus, while the phenol coefficient of menthene was less than 1, the introduction 
of a — OH gioup (pipeiitol) raised the value to 13 and that of a ketonic group 
(piperitone) to 8 In a like manner, introduction of a — OH group into the 
molecule (thymoll of cjmene raised its value from 8 to 27 

A comparison of the phenol coefficients of alcohols with those of the corres- 
ponding ketones showed that the former were much more germicidal than the 
latter The low value of terpm hydrate suggested, however, that compounds 
containing two ‘active’ groups are feebly germicidal Terpm hydiate differs 
from terpmeol m having one hydrogen atom and one hydroxyl group in place 
of the double bonds of the lattei but while the coefficient of terpmeol is 6 0, 
that of terpm hydrate is 1 6 This difference is piobably due to the presence 
of an additional hydroxyl group m the molecule Similar observations were 
made (^Morgan and Cooper, loc cit ) with benzene derivatives Thus phenol, 
1 0, resorcmal, 0 29, and catechol, 0 48 

Unsaturation appeared to enhance germicidal power Thus, menthol, 20, 
thymol, 27, citronellal,* 13 — , citral,* 17 9, citronellol,* 15 2, geraniol,* 19, 
phellandrial, 9, cumic aldehyde, 12 7 

Hydrocarboiis — ^All hydrocarbons with the exception of cymene gave very 
low values The observation should be interpreted to be the result of absence 
of activm groups m the molecules 

Phenols — Germicidal values of the different phenols and their derivatives 
decreased m the following order — 

thymol australol eugenol safrol elemicm 

(27) > (23) > (12 7) > (10) > (1) 

It should be noted that m thymol the substituted alkyl gioups (CH3, CaHj) 
are heavier than those m australal (C3H-) and that one double bond of the 
benzene nucleus m australal is saturated Eugenol is more unsaturated than 
australal but contains tvso ‘ active ’ groups, —OH and — OCH3 m the molecule 
Safrol w'hich gave a lower value than australal also contains two active groups 
It thus appears that saturation of one or more double bonds of a compound 
lowered its germicidal efficiency to a less extent than the presence of a second 
‘ activ e ’ group Presence of free phenolic groups appeared to increase germi- 
cidal activity as was evidenced by the higher value for eugenol as compared 
with that for satrol The very low value of elemicm suggested that the 


* It should be noted ihit citrU and germiol, m addition to possessing each one more 
double bond than citronellil and citronellol respectiseh, also differ from them with reimrd 
to position of common double bonds ^ 



as 


Slii(lii\ lit Di'^nitri linii inuJ Slct lUzahon 


picboncc of thiee 'actno' gioup^? aNo the c-'tcnfication of all liydroxyls 
lombmetl to make it an almo-t iion-gei uueulal bocK 

Siliaik'i . 111(1 'I'llh [lo! lit > ()b^(i\(.(l tii.U among-t the mhucuc .ilcohok, 
the greatest gcimicidal 'itti\it\ i*' "hown In that with the longest chain of 
caibon atonib, n-buUl akohol thu^ being mueh more actue than trimethvl 
eailnnol V -tiKlx ol then iC'-vilt'' >ho\\'-, luithei, th.it exen .iinong alcohols 
having the ''.line length ot eaibon chain, the geiinicuial actnitj depends on 
the position of the iudiowl gioup, the gic.itc't actnity being shown bj' that 
baxing the longest thaiii counting troiii the h\dio\\l gioup 
n-am\ I alcohol- CH^- CII. CII, CII. CH,(OFI), 0 78 , 
methyl pi opjl cm binol—Cir, CIL CFL CHfOH) CH., 0 38 , 
diethyl cm bmol—CH3 CH. CH(On) CH. CH,. 0 3 b 
This max ako explain why piimaix .ilcohol-' aic geneially moic geiinicidal 
than secondary ones 

The same is found to be the case with open chain alcohols of the toipene 
gioup Gciamoi, citionellol .ind hnalol contain the ‘'ame skeleton caibon 
chain — 

C—C— C— C~C— C~C— C 
H,C CH3 

Geianiol and citionellol have both the same length of caibon chain count- 
ing from the hychoxyl group but the foimei being moic unsatuiatecl gives a 
higher phenol coefficient Linalol has a shoitei caibon chain than the otliei 
two, but as it IS name unsatuiated than citionellol, its geimicidal value 
appioaches veiy neaily that of citionellol The clepiession clue to a slioiter 
length of carbon chain is evidently neutralized by the piesence of an additional 
double bond 


Hydi o-ai omatic alcohols 

The fact that' menthol has a highei value than terpineol even though the 
latter contains a double bond suggests that compounds having the hychoxyl 
group attached to the nuclear carbon atom me moie reactive than those in 
xvhich the hydioxyl group is m the side chain The low value of boineol as 
compared with that of menthol suggests that budged compounds aie less active 
than those with stiaight chains 

The inactivity of teipin liydiate, as has been stated befoie, is piobably 
due to the piesence of two hydioxyl groups the disappeaiance of xvhich with 
the formation of the oxide, cineole, causes it to show enhanced geimicidal value 

Piperitol appeals to be an exception to the geneial lule since it gave a 
lowei value than menthol though it is less satuiatcd tlian the lattei 

Esteis 

Estenfication appeals to have 1 educed disinfecting powei to a lemaikable 
extent This is paiticulaily so in the case of geiamol, the phenol coefficient of 
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^^hlch diopped fiom 19 0 to less than 1 0 on its being conveited to the corres- 
ponding acetate The results show that the leactivity of terpene alcohols 
IS due to their fiee hydioxyl gioups and suggest that where the starting 
material is an ester it will be possible to increase the disinfecting propeity by 
hydrolysis 

Aldehydes and ketones 

Aldehydes and ketones behaved in the same way as the corresponding 
alcohols Citial and cumic aldehyde are more unsaturated than citionellal 
and phellandral respectively and they gave correspondingly higher phenol 
coefficients Pipeiitone appeals to be an exception, foi it is less active than 
the coiiesponding saturated compound, menthone Camphoi has the lowest 
A'alue of the thiee iing chained ketones studied and in this lespect it resembles 
borneol 

Sesquiterpenes — Sesquitei penes were all found to be inactive Neithei 
the related alcohols noi deinmtives containing active groups weie found active 
This was piobably due to their possessing much highei moleculai weights than 
the oidinaiy teipenes Many instances aie known in which germicidal power 
decieased considerably on mci easing molecular weight beyond a ceitain limit 
The work of Moigenroth and his collaboratois (1926) on quinine, of Leonard 
(1924) on alkyl resoicmol and of Penfold and Giant {loc cit) on higher 
aliphatic alcohols can be cited in this connection 

Increase of moleculai weight above a certain limit has evidently a depress- 
ing effect on the geimicidal efficiency Sesquitei penes molecules are heavier 
than those of true teipenes and it is possible that the inactivity of the former 
IS due to this occurrence 

Improvement oj disinfecting power of ter penes 

Prom the foregoing obseivations it may be inferied that the phenol 
coefficient of a terpene may be increased by (a) introduction of a single active 
group, paiticulaily the hydioxyl, into the molecule, (b) lediiction of active 
groups, if several, into one by esteiification or otherwise, (c) making the 
compound more unsaturated, (d) lengthening the side chain, particularly that 
from the active group, (e) hydrolysis of esteis, and (/) converting budged 
compounds into straight chain ones 

SUMMABY 

(1) Teipene hydiocaibons weie practically non-germicidal Compounds 
containing — OH, — CHO, — CO — and — Q — gioups neie geneially aery active 

(2) Unsatiuation and inci easing heaimes^: of side chain as reckoned from 
tlie position of active groups weie obseived to lead to enhanced disinfecting 
pouei while multiplication of actiie groups reduced the phenol coefficients 
consider ably Compounds with actne gioups attached to nuclear carbon atoms 
Meie 11101 e leaetive than those uhicli hive the same groups m the side chain 
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EKtcufication led to inarkeil nductKin m j»henol eoeOicient Budged com- 
pouiuN were lo'-' rcactne tliaii ilie i oireafumdmg onca with atiaight chains 

(3) The inaeti\u\ ot "( •'fiudtipint - i- prohabK due to their possessing 
liigh inoleeulai weights a^ lompaied wiilj oidinai\ tcrpencs Even the intro- 
duction ot aetnc gioufis did not iininine their phenol coeflicients to any 
apiucciablc extent 

( 1) ^Methods for nn[uoMng the disinleiting powers of teipenca and terpene 
derixatncs aic suggested 

The authoi’s thanks iire due to Dr H V Norris for his interest m the 
progress of the work and criticism 
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STUDIES IN DISINFECTION AND STERILIZATION 

Part III 


COMPOSITION OF ESSENTIAL OILS AND THEIR DISINFECTING 

PROPERTIES 

BY 

V SUBRAHMANYAN, dsc, aic. 

Department of Biochemistry, 

Indian Institute of Science, Bangalore 

[Received for publication, December 14, 1929 ] 

In the comse of the pievious investigations (De and Subiahmanyan, 1930) 
it was observed that (a) oeitam Indian essential oils possess valuable disinfect- 
ing pioperties and can advantageously leplace coal-tar disinfectants in medicine 
and suigeiy, and [61 disinfecting poweis of teipenes and then deiivatives axe 
deteimined laigely by the chemical constitution of the compounds concerned 
Since teipenes aie, noimally, the main constituents of essential oils, it appealed 
possible, bj a study of the composition of the lattei, to obtain estimates of the 
disinfecting powers of the oils concerned Such a study, it was expected, would 
fuithei help to deteimme (a) the lelative effects of the majoi and the minor 
constituents of essential oils on the disinfecting powers of the latter, and 
16) whetliei knowledge of changes in the composition of an oil, as deteimined 
by chemical analyses, will help to estimate the coi responding variations in the 
phenol co-efficient of a disinfectant prepaied out of it and thereby enable the 
manufacture! to maintain the disinfecting power of his preparation at a constant 
value 

Although the chemical constituents and the disinfecting properties of a 
great many essential oils and perfumes prepared out of them have been deter- 
mined, yet study of the association between the two is exceedingly difficult to 
carry out fa) Such specimens of oils as were purified with care and w^ere 
examined completely for then constituents were rarely ever used for determin- 
ing their disinfecting powers (6) Such oils and perfumes as were generally 
used for determination of phenol coefficients were mostly of indeterminate 
composition (c) Where the oils were the same and their compositions at least 

{ 91 ) 
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paith known, the nictlioth .'uloptod by difteieut authors foi evaluating their 
phenol loefiieient-^ difteicd -o inaikedlv loi eath othci and the results obtained 
Wile >.0 di\ei”ent tlad in nt.nu no luinpai.itne estiinate' tould be obtained 
lhu->, wliile M.utindaie (lOlOl and Bi\ant (19211 le^peitiieK obtained one set 
o^t \ulue-. in the ‘lainut’ iiielho.l, Uideal, Uideal and rfeuei (1928) and 
Ke\ Hold" ( l‘)2ol ii''puti\el\ ohtanud entueK diileient Naliie" toi the same oik 
b\ liio Ri(loal-^\ nlkei method (<{) R\en wlieic the method of deteimining 
the phenol eocfiieicnt was the same, mdniduai \anations m apparently minor 
details such as mode ot piepaiation, ago and dilution ot emulsions of the 
difteient oils led to such maikod diftei elites that it becomes exceedingly chOicult 
to compaie the icsults obtained b\ an\ two independent autliors without 
allowing foi fairly big maigiiis of enoi Thus, although De {loc cit) and 
Pcntold and (liant (1023—27) adopted (he -.mie (Huleal-W .ilkei ) method and 
then othei lesidts weic geneialK m oloso .igieement, then tigmt’s foi geianiol 
weie 19 0 and 21 0 lespcitnch .md loi iitial. 17 9 and 19 5 lespcctnch, 
nuolving .ibout o pci cent 01101 on eithei side ot the mean 

In addition to the abo\o, it h possible tliat c\en eaietulh distilled and 
puiified specimens of oils fiom botamcalh ulcntual plants, but giow’u in 
different countries may be entueh uiu elated to each otliei in composition 
Thus, Pilhu , Sanjua llao and ISnnonscn (1928) obscued that the oil fioiu the 
Indian ‘ botha ’ giuss (Cifinbopoyon Coloiatin- Stapf) had the lollowing peicent- 
age composition — /-camplicnc, 15, /-hnioncnc, 7, camphoi ( T, tiace, f-boincol, 
8, gcianiol, 10, sesquitoi penes, 35, ■^esqiuteipcne alcohols, S, scsquitoijienc oxide 
(?), 2—3, and unidentified, 14 This comjiosition was entnely diffeienfc from 
that of the oil from the same gias'=: giown m Fiji and wdiich had the following 
peicentagc composition — Mmioncne and othei tei penes, 7, aldeliMles (mainly 
citial), 40, and geianiol, 23 (Goulding and Eail, 1914) Such a difteience in 
composition may be expected to affect, maikedly, the piopeitics ot the two oils 
so tliat altiiough thc}^ beai the same name, they will diftci liom each othei in 
then chsmlectmg powcis The Indian oil is composed mostly of hjdiocaibons 
and sesqmteipene dciivatives, which liaAe piactically no geimicidal value it 
contains geianiol and boineol, which aic active, only to the extent ot 18 pei 
cent The Fiji oil, on the othei hand, contains, to the extent ot b3 pei cent 
aldclndes (mostly citial) and geianiol, wduch aie highh icactnc It may, 
thcicfoie, be c'xpcctcd that the loiuici will haAC a low geimicidal ^alue and 

the latter, a taiily high one 

The ioiegomg illustiation while showung that the name of an oil may not, 
by itsclt, convey a coiicct estimate ot its geimicidal value shows, on the 
othei hand, that a knowledge of its composition may help to state ^Yhether a 
paiticulai specimen of oil will have useful disinfecting piopeities 01 not Thus, 
it may be expected that oils containing one 01 moic of the active teipcne alcohols 
or phenols 01 aldehydes or ketones as then mam constituents will have fairly 
high phenol coefficients Such was, indeed, the case, foi the tliiee oils 
Cymbopogon Hexuosus, Cymbopogon Maitini Stapf Motia, Cymbopogoii Mai tint 
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Stapf Sofia which weie obseived to have the highest values in an eailier investi- 
gation (De and Subi ahinanj an, Zoc cit ) contained as their main constituent 
eithei geianiol oi citral, both of which possess high disinfecting properties On 
the other hand, the occuiience of pieponderating amounts of hydrocarbons 
with shoit side chains oi sesquitei penes and then deiivatives will indicate that 
the oils containing them will have either veiy low oi no germicidal power 
Thus, the Indian ‘ botha ’ grass oil was found to hai e a phenol coelBcient of only 
1 5 (De and Subiahmanyan, loc cit) 

Although the natuie and the quantity of the main constituent determines 
whethei an essential oil will have high geimieidal properties or not, yet it is 
not possible to evaluate, even approximatelv, the phenol coefficient of an oil 
from such a knowledge without reckoning the possible effects of the other 
constituents as well The latter may (a) possess high geimicidal properties 
or (6) have low or no disinfecting property or (c) have properties antagonistic 
to that of the mam constituent or (d) help oi stimulate the giowth of the 
putrefactive orgamsms which are used for the tests In the case of (a) the 
phenol coefficient will be much higher than that warranted by that of the active 
constituent alone in that of (b) it will be appioximatelv that due to the active 
constituent only, the others acting meiely as diluents and in those of (c) and 
id) it may be either slightly oi considerably lower than the one calculated from 
the quantity of the mam constituent It should be possible in the cases of 
(a) and (6) to estimate appioximately the geimicidal values of the oils but 
in those of (c) and (d) which may be due largely to nnpuiities which either 
distil over or collect from an, it may not be possible, except b> repeated experi- 
ence with the same oils, to deteimine the extent to which the germicidal value 
of any oil may be reduced by such occurrences Table I presents the phenol 
coefficients obtained by Penfold and Giant {loc at ) and De and Subiahmanyan 
{loc at ) for certain oils the more important constituents of which are known. 


Table I 


Oil 

Main consti- 
tuent 

Other consti- 
tuents 

Phenol I 

Coefficient 

Percentages 

estimated 

obtained 

Cymhopogan CoJoraHis 

Hi drocirbons 57 

Geraniol 10 , 

borneol S 

1 

3 

15 

Oymbopogan flexuo'sm 

Citril 70 to So 


12-5 to 15 2 1 

17 0 

E amtrnhana 

Cmeol 62 

Tcrpmeol gera- 
nio) citnl 

2*1 ^ 

50 

B dtvct 

Pipentone 52 

Pipentol 

40 

s-0 

Cymbopogan Maritini 
Stipf Motn 

Gerimol 75 to 95 

1 

14 to lS-1 

14 0 
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togethei with the coeflit’ients ohtuwieil b\ cftlculation a:J 3 ummg that the consti- 
tuents («) occuneil as iniMines m tfie oiN toncerned, .ind ib) possessed the 
^alne plicnol {’oefheients ni tiie oih as uhen they uero examined independently 
A eompuiison beiueen the aolual and (he calculated values sliows that, as 

suggested aheady, the former max be gieutei than, e(iual to or lesa than the 
lattei 


In the ca^-cs of E au-,tKili(uut and E divc^ the inmoi conatituents had much 
highei dHinfecting poaeia than the mam ones and the phenol coefficients of the 
oil^ neie, m eon-^cquenoe, highei than thox xxcie expected to be The minor 
constituent m Ctjtnbopofian Afarlini Stapf Motu* appeals to haxe had no dis- 
infecting lahie and acted nicieh as a diluent niu( hence the calculated and the 
actual values appeal to ha\e agieed On the othei hand the hxdiocarbons or 
piobabh the otlier constituents pio'-out m Cifinbopogan Coloxitus appear to 
haxe loxxeied the disinfecting {lonci of the aotixe constituents of that oil 
The piopoitions of the aetixe eonstituonts of the oils aie liable to varv 
exon foi specimens distilled undei identical conditions m the same laboiatorx 
depending on a xmiietx of sod and climatic factois Thus, citral in Cymbo- 
pogan fleniosns f lemon giass oil) is liable to xmix fiom 70 to 85 per cent, 
geraniol in Cymbopogan Maitim Stapf Motia fPalmaiosa oil) fiom 75 to 95 
per cent (De and Subrahmanyan, loc at), and Safrol m Doiyphom Sassaftas 
fiom 60 to 65 pei cent fPenfokl and Giant, loc at) This xmiiabilitv 
should make it impossible to expect the same germieirial ponei foi all specimens 
of oils fiom the same factoix unless the distilKites obtained fiom time to time 
be mixed together prior to marketing 

To form an approximate estimate of the germicidal xmlue of an essential 
Oil fiom its composition, it is essential to have stanclaid x allies for the phenol 
coefficients of the diffeient constituents The existing hteiatine, though helpful 
with legard to ceitain of them, is highly confusing with legaid to most othei s 
Thus, xvhile Biyant {loc at) by the ‘Lancet’ method on the one hand and 
Penfold and Giant (loc at) and De {loc at) by the Rideal-Walkei method, 
on the other, are neaily agieed with legaid to the value foi citial, they are, 
hoxvever, at consideiable variance with regaid to that foi geraniol (Table II ) 


Table II 



The points raised in the toiegoing paiagiaphs show that the factois aftect- 
mg the disinfecting powei of an oil being so many and vaued no moie tnaii 
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an impiession that an oil may possess a high oi low phenol coefficient may be 
gathered from a knowledge of the nature and proportion of its constituents 
However, the observation that all oils containing preponderating amounts of 
one or more active constituents possess, invariably, high disinfecting powers, 
irrespective of the method of evaluation, shows that though a piecise evaluation 
of the geimicidal property of an oil may not be possible with our present 
knowdedge of the subject, yet indicates that the germicidal properties of essen- 
tial oils are largely determined by the collectiye effects of their actiye consti- 
tuents 

As pointed out in the pieyious communication some of the cheaper Indian 
essential oils possess high germicidal properties and can be utilized for the 
manufacture of disinfectants wdiich compare favourably in cost, non-corrosive 
and non-to\ic properties and germicidal activity with coal-tar disinfectants 
The foregoing observations show' that foi the preparation of emulsions having 
identical phenol coefficients not only should oils obtained under identical condi- 
tions be used but also the same methods of emulsification, dilution and standardi- 
zation should be adopted The possibility of the proportion of the mam 
constituents ^arvmg from time to time in the different specimens of oils and 
therebj influencing germicidal activity should be noted and conected by proper 
adjustment of dilution 

The germicidal properties of emulsions of certain oils change with time, 
thereby suggesting that some of the actiye constituents probably undergo 
change m composition on keeping The change as in the case of Doryphoia 
Sassafras (Penfold and Grant, loc ext ) may lead to an enhanced phenol 
coefficient or as in that of cardamom oil (De and Subrahmanyan, loc cit ) to 
a yery rapid fall in germicidal power The possibility of such changes, at 
any rate with regard to some essential oils, should be reckoned with before 
admitting the accredited germicidal value even if the distribution of the 
constituents in the original specimens be completely known 

SUMMASV 

(1) The disinfecting property of an essential oil is largely determined by 
the nature and proportion of its active constituents 

(2) Ow'ing to various difficulties, technical and otherwise, it may not be 
possible to evaluate, precisely, the phenol coefficient of a disinfectant prepared 
out of an oil from a knowdedge of its composition alone 

(3) Some of the different conditions influencing the disinfecting properties 
of oils are discussed and suggestions made for maintaining the phenol co- 
efficients of commercial preparations at constant values 
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ON TWO INTESTINAL PROTOZOA OP AN INDIAN TURTLE 


BY 

Lieut -Colonel R KNOWLES, i m s , 

Piofessor of P\ otozoology , 

AND 

As'^ist^nt Surgeon B M DAS GUPTA, 

A’isistant Piofessoi of Protozoology, 

Calcutta School of Troyical Medicine and Hygiene 

[Recei\ ed for publication, December 22, 1929 1 

From time to time laboratoiy animals of unusual type aie required by 
Lieut -Colonel R B Lloyd, i m s , Imperial Serologist to the Government of 
India, in connection with the identification of the oiigin of blood-stains m 
criminal cases Colonel Lloyd has \ery kindly arranged that, after bleeding, 
the perfectly fresh bodies shall immediately be made over to the Protozoology 
Department of the School This material is admiiable for protozoological 
study, since it is absolutely fresh 

In this way we leceived on the 18th January, 1928 the body of a Gangetic 
turtle {Tnonyv gangeticus) , which had been bled a few minutes previously 
Examination of thick and thin films of the heart blood failed to show any 
protozoa, but examination of the lectal contents showed a ciliate protozoon 
resembling a balantidium, and a small and actively motile flagellate protozoon 
in abundance Cultures weie immediately put up m the ‘HSie-S’ culture 
medium lecommended for amoebae by Dobell and Laidlaw (1926, p 294), and 
Meie kept m the cool incubator at 22° to 24°C 

Examination of the cultures on the third day failed to show the cihate 
protozoon, but there was a rich giowtli of the flagellate protozoon, and also 
many amoeba; of large size, loaded with grams of rice starch ingested from the 
culture medium The amoeba showed no contractile vacuole, whilst examina- 
tion of stained preparations showed that its nuclear characters were typical 
of the genus Entamceba 

A second turtle of the same species was now' obtained Examination of its 
rectil contents showed (i) the same entamoeba as before, (n) the same flagellate 

L MR ( 97 ) 7 
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!-> l)i‘l()U‘ (Nj) .i niiK’h l.ii;4U Ham*lht( n -fiiiblm'' a ti iclionia^h\, iiv) oocvsts 
of uliaf u'l" appaiciith an i*iiin*na and it) i -'ti-' Culture? were 

ai'-un 1 ikt'ii in tlii' "’um nudiiitn i-' IhIum’ 

I]\unination oi tliu fij-'t 'Ct (W <nltni<-' on tin* fiftii da\ showed that mam 
ol tlio '•niall II iLccllah piufo/oa liad (•n<*\Ntt‘d, wliil-'t on the '>e\enth da^ the 
iinjoiitN ol ilu* ( nianui'l) I* liad eni\''((d \V( were thu> able to stud\ both 

Ol I'v’ini-'in'' in iie-'h ((iiltinal) nriteiial in the motile and in the ones sted state 
Peiinaiient piepaiatioii'' ol iiotli oijiani‘>ni'> wei' made, iHini? cold Schaiulinn’a 
fi\ati\e and Ifeidenliam*-' non-lnematow lin •<tain Foi the study of the 
fl i^ella ol the flagellate pioto/oon the method achoeated b\ Shortt (1923, 
p llba) \\aN hunek lelied upon 

A'' both tlii'^e oi^ani-'iii" aie oi inteie-.t in connection with the Jiteiature, 
wo ma\ fiis>t deseui)e each, and then di-'di^s our findings m lelationship to 
thoae of pi e\ ions uoikeis loi each m turn 

Tiic FNTWtn in 

In the ficsh state in cultme tlie ■’Ue of the motile ontamceba vanes enor- 
moush IndiMduaK U" "mail n 10/M\eie eneounteied, whilst on the other 
hand gigantic foims np to GO /t stufled with staieh giains weie also piesent 
The gicatcst cliametoi of fiftj fixed and stained specimens was measuied, this 
gaAc an exticme lange of fioiii 10 3/t to 58 3/<, w’lth an a\eiage of 30 9/< 

Wlion moving the amccha sliows a definite but small volume of ectoplasm 
in the advancing pseudopodia In stained specimens only a meie tiace of 
ectoplasm is seen (Plate V, figs 2 and 4) The animal is much moie activelj 
motile than Enlamccba cob and tends to tiavel, but its motility is not as gieat 
as that of Entamoeba histolytica in the fiesh state ^Movement in geneial 
lathei lecalls that of a fiee-living amoeba of hmax type, and many individuals 
tend to assume a iibbon-like foim as they tiavel Otlieis, on the other hand, 
tend to assume a lobose foim, and usually aftei the tin listing fonvaid of an 
anteiioi pseudopodium, this is immediately follow'ed by the piotrusion of one 
01 two pseudopodia in a lateial diiection Unlike the case with E histolytica 
the amoeba does not travel in the same diiection continuously, but is constantly 
changing its direction of movement The pseudopodia aie laige, voluminous, 
dome shaped oi knob-like, and aie emitted wuth consideiable lapidity 

The endoplasm is maikedly alveolai in chaiactei and full of spheiical 
vacuoles (Plate V, figs 1 and 2) Starch giam aie fieely ingested, and big 
individuals loaded with staich giains aie sluggish m movement (Plate V, 
fig 6) Often so much staich is ingested that the nucleus is pushed to one 
side and appeals as if compiessed A few diops ot human blood weie added 
to one of the eultines containing actively motile amcebm, and specimens removed 
fiom tune to time for 24 hours, no amcebte weie obseived to ingest led blood 
coipuseles On the other hand, the animal is a voiacious feedei, and its 
endoplasm is usually loaded wuth baeteiia and the like, and full of digestive 
vacuoles 
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The nucleus measures about 5/<to6/<in diameter, and is usually 
spherical, but sometimes a little oval m shape In the motile amceba it is 
barely, if at all, visible In small individuals which have not ingested much 
staich the iing-like outline of the nucleus can just be seen during p«eudopodial 
activity In fixed and stained individuals the nucleus has the following 
characters — (i) there is a thin achiomatimc nuclear membrane enclosing the 
nucleus (n) On the inner aspect of this is a layei of 'peripheral chromatin' 
This appears to consist of granules applied to the inner aspect of the nuclear 
membiane, but, in all probability, this layer of peripheral chromatin is uniform 
in character (as is always the case m the cyst), and the beaded and granular 
appearance is probably due to imperfect fixation (iii) A kaiyosome of con- 
siderable volume IS present, it is usually central m position, but sometimes 
excentric (iv) Between the karvosome and the peiipheial chiomatm is a 
definite limn network In some individuals there appear to be minute grains 
of chiomatm on this linin netw’oik between the karyosome and the peripheral 
chromatin, but the appearances seen vary with the degree of decolounzation of 
the stain In well-decolouiized individuals the space between the kaiyosome 
and the peiipheial chromatin shows nothing but traces of a limn network 
Cysts — ^This amceba is veij'^ remarkable in the encysted state, owing to the 
fact that it IS liteially stuffed with massive chromatoid substance No cyst 
devoid of clnomatoid substance was encountered at any time The cyst is 
thin walled, usually spherical, sometimes slightly ovoid Measurement of the 
diameter of fifty individuals in fixed and stained preparations gave an extreme 
lange of fiom 7 5 |i to 20 7/i, with a mean of 11 7/i, Glycogen is more 
usually absent than present, but when present it may be considerable in 
amount (Plate VI, figs 11, 18, 22, 24 and 26) The mature cyst is quad- 
iinucleate and bears a striking resemblance to that of E histolytica, its massive 
clnomatoid substance standing out m brilliant refringent relief in the fresh 
state In stained specimens it is seen that the chromatoid substance is massive 
and the cysts are loaded with bars, chunks, and masses of it Very exception- 
alh onh is the clnomatoid substance scantv m amount (Plate VI, fig 23) 
The nuclei are of 'histolytica tvpe’ In the early cyst the single nucleus is 
1 datively enormous in size prior to division At the mature quadrmucleate 
phase the nuclei are relatnelv small The nuclear pattern is extremely con- 
stant There is an achiomatinic nuclear membiane, on the inner aspect of 
this IS a thin and uniform deposit of 'peiipheial chromatin' The karyosome 
Is faiih conspicuous and usually exactly central in position (In only very 
ftu mduiduals does the kaiaosome appears to be excentiic in position) 

Unfortunately no phases of diansion were encountered, either m the motile 
01 encysted phase 


Discussion 

The fiist cntimcebi of i tuitle to be desciibed was Entamoeba testiuhms 
01 Testudo gra:ca by Hartmann (1910) He found this amceba in company 
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with a ti K'iionionai and a ii.ilantidiurn He de-'tribci it a-' a largo organisnij 
about .50/1 to lOji in tlmmetta, and in giauaal t lo^eK le-eiiibling ' ^J/i/«»ia’6a 
tclKuiiiKi ' riii« nueloii-' bad .i Mieniinaiu with a double contour, usualh 
eliiji'Oid il anil niea"Hied '.oine 15/< h\ Ujt I’lie 'tate of the kaivosomp 
\aned in difieient indiMibiaU in -i/e, and in Ibe amount of cbiomatm present 
riie pciiplieial eliioinatin wa-' abundant and aiianged in the loun of giainson 
the innei a'>peet ol the nueleai nieinhiani Haitniann'N [)a[)cr i-i illustrated 
b\ a good (oloui plate, and be (onitudes that E tr\tii<luus is intci mediate in 
t\ pe between E fcOoi/mo and E hint Hi Xo i\sts oi dniding foinis \\cre 
obsei \ ed 

Alc\eieft (1912) ilesiaiinal an entanueba fioni the Cc\lon turtle, Abcom 
Hijuqa, wbieb be eoiisidcicd to be identiial with E (cs{uflinti> of Haitmann 
He notes, bowe\ci, that foinis were eiuounteicd nuicb smaller than those seen 
b}' Haitmann Tabafeiio and Holmes (1921) eoiisidei that AIc\cieft’s araceba 
corresponds fai moic eloselv to tlicir Emhinuvba baneli than to Plaitinann's 
Entama'ba tc.stiuhins 

As Is well known, Banct and Smith (1923) wcie the (list woikeis to secure 
w’hat was undoubtedK a successful lultiuc in intia of an entozoic aniceba 
This was present m the intestine ot the snajiping tin tic, Chelijdia seipentina, 
and Taliafeiio and Plolmes (1923) in then fiist communication gi\e a brief 
descnjition of the oiganism and conhim tlie success of Bairet and Smith in 
seeming cultuies Latci, Bnriet and Smith (1924) gave a moie detailed 
account of then cultuial technique, and stated that thej had kept cultuies 
alive for many months Taliafeiio and Holmes (1924) latei ga\c a detailed 
description of tins organism, wdneh tlie> named Endamceba bmieti 

These authois desciibe the motile foims of E baneti as langmg in geneial 
fiom 13/t to 23/r, wuth an avciage ol 18/i The method of locomotion m 
geneial recalls that of a free-bvmg amceba of limax type At times however 
latei al pseudopodia may be emitted The endoplasm is fiequentJy vacuolated 
The nucleus is cleaily visible in the fi esh state In stained specimens the 
following stiuctuies aie desciibed — (^) an achiomatinic nucleai membrane 
[n) On this is a deposit of pCiipheial chiomatin in the foim of granules 
embedded in an achromatmic matii\ on the mnei aspect of the nuclear 
membrane (zit) A cential oi neaily eential kaiyosome (iv) An achiomatinic 
stiuctuie suiiounding the knryosome wdncli is fiequentlv quite invisible 
(y)'A definite stiuctuie, which they term a ‘chromatic cloud,’ surrounding the 
karjmsome and moie oi less stellate m appearance, and (vr) a number of limn 
hbies which may be in the form of a netwoik and extend from the ‘ chromatic 
cloud ’ to the peripheral ring They note, however, that ‘ the various stiuetures 
described vary greatly in appearance according to the degree of differentiation 
m the stain ’ 

Taliaferio and Holmes’ leasons for diffeicntiating E baneti fiom E testu- 
dims of Haitmann are (t) the two parasites w'ere present in different hosts, 
(ir) E testudrms IS roughly three times the size of £? baneti, (rn) the piesence 
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of the ' chromatic cloud ’ within the nucleus This m as not figured by Hart- 
mann foi E testudims, but Taliafeiio and Holmes considei that Alexeieff’s 
illustiafioiis show it in his paiasite, which theiefoie becomes synonymous with 
E baneti and not ■mth E testiiditns 

It Anil be seen in general that the amoeba winch we have described has 
close 1 esemblances to both E testudims and E batieti, whilst it is intermediate 
in size betw een these twm species We har e ti led in a am, howeAmr, to make 
out the ‘chromatic cloud’ sui rounding the karjosome winch Taliafeiro and 
Holmes describe and figure In deeply stained individuals it is true that one 
can make out appear ances suggestive of the ‘ cln omatic cloud,’ and especially 
so in large mdmduals stuffed with iice staich wlieie the nucleus has been dis- 
placed and to some extent distoited We attiibute these appearances, however, 
to incomplete decolourization, rathei than interpreting them as a definite and 
constant structme In the c>sts the nuclei show' no trace of such a chromatic 
cloud 

It will be seen that the evidence w'hich we haA'e brought forward rather 
tends to suggest that E testudims and E baneti are synonymous, though the 
matter requires further imestigation Under these ciicumstances we refiain 
from suggesting any iieiv name foi the entamoeba of Tnonyx gangeticus 

The flagellate pbotozoon 

Plate VII illustrates this oiganism as seen in the motile phase in films 
stained b\ Shoitt’s method, and Plate VIII the cysts of the flagellate as seen 
m film® fixed b\ cold Schaudmn’s fixative and stained bj Heidenham’s iion- 
hffimatoxw lin method 

The body of the flagellate m the motile phase is m general pyriform, 
though it IS subject to great imi rations m shape owing to its semi-amoeboid 
activity The extremes of length in fifty fixed and stained individuals A'aried 
from 4 0/1 to 15 O/O with a mean of 8 4/i The animal is a voracious 
feedei, and — m common with all the C ei comonadidoe — ingests food particles 
fa\ pseudopodial activity, the posterior half especiallj of the animal being 
Cl uumed with bacteria, etc No c\tostonie can be seen 

The nucleus is oval and elongated It is situated close to the anterior 
pole, sometimes a little laterally In iion-haematoxylin stained preparations it 
is seen to be of tjpical Aesiculai character, with a large karjosome As is 
chaiacteiistic of the fiiuily Ceiconionadidce, the anteiioi end of the nuclear 
membiane is drawn out into a snout-like protrusion Presumably a tinj’ basal 
granule is situated in this position, but we Inue not been able to make one out 

From this point three flagella arise The two anterior ones project in front 
o^" the bodj Of these one is invar lablj longer than the other, sometimes 
nearlj double its length The longei anterioi flagellum is about as long as the 
bodj of the flagellate, sometimes a little longei These anterior flagella, as 
studied under dark ground illuminat ion, hate a curious Jiookmg action They 
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face tow at (It) one anotiicr, like two hum-', ami wave sjiiiuitaneously towards 
one nnothci 

liic pobtonoi, (railing (lagclluin i> .ibuul (wkc the length of the body o( 
tlic ilagell.itc, *omttinit'a a little longci the annmil moves forward tins 
llagellum tiail> bthiml, it i-' nime oi k-.'. .ullaient to the body ol the liagellate 
at) it passCb bat kw aids for the anteiioi two-thiuK ol the body, then projects 
tree latcially .uul poatcuoily 

I'iio jno\ements aic cvtiemely .ittac and i.ipid They are essentially of 
a joiky chaiactei. Onh when movement -^lowa down tan the hooking action 
ot the antenoi flagella be made out 

C'l/sfs — The cysts aic veiy ''mall, naually spheric ’1, but sometimes ovoid 
Of fifty fi\cd and stained specimens the dmmeter v.uicd fiom 2 8}‘ to 
o 0/1, with a me.in dianietei ot 3 Oft The\ aie liteialh "'tidfcd with n 
brightly icfiactile substance winch stains an intense jet black wuth non- 
hminatoxy lin licthcr this substance is volutin oi chromatoid substance it 
IS difficult 10 say it is almost too massiv'c to be v^olutm It is piesent in the 
foini of blobs, bais, lods, ciumks and masses In tiic ficsii state these show 
up as biighth' icfiaetilc •'pots msule the cyst 

So voluminous is this deeply-staining substance w’lthm the cy’’sts that it is 
difficult to make out fuither detail, cv'^cn when tlie stain is well differentiated 
The cyst appeals to be always mononucieato, the nucleus consisting of a 
nucleai inembiano on which theic is no cluomatm, and a veiy piominent 
spheiical kaiy’osome Tiaces of glycogen may sometimes be obsened inside 
the cyst (Plate VIII, figs 0, 15 and 17), but aic not usual 

Discussion 

It IS deal that the flagellate which we have described belongs to the family 
Cei comonadidm and is chaiactei ized by having tw^o antenoi and one posteiior, 
trailing, flagella It thus coiiesponcls to the genus Tnmttus Aiexeieff (1910) 

The history of this genus is a little unfoitiinate Diesmg (1865) described 
a somewhat similai organism unclei the name of Dicei comonas succisa, but 
this was appaiently a free-living foim He states that it was abundant m 
Febiuaiy and Maidi m watei m whidi Anodontis was decomposing, and was 
also found by Perty in July in Switzerland in lake water Giassi (1879) also 
desciibed a Dicei comonas, but unfoitunately no copy of his memoir is obtain- 
able in Calcutta 

Alexcicff's oiganism occuiied in the intestine of a maime fish, Motella 
tiiiniata He describes one of the antenoi flagella as being double the length 
of the othei, and the postenoi flagellum as being definitely thickei than the 
two anteiior ones The postenoi flagellum was foui oi five times the length 
of the body of the piotozoon Aleveieft notes that the cytoplasm of the animal 
IS stuffed with food pai tides, especially in its posteiior half, the food mdusions 
indeed wxic so numcious that they icndeicd study of the inteiiial stiuctuics 
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difficult The size of the flagellate is given as fiom 6/f to 8/< in length, by 
about 3/1 in bieadth 

Duboscq and Giasse (1923, 1924) desciibed what they at fiist legaidedasa 
bimilai foiin fiora the teiniite Calotei ines flavicollw in Fiance They desciibe 
an axostyle and a small lod-like paiabasal body, however, so that their 
oigamsm does not coiiespond at all to Alexeieli’s genus Latei Duboscq and 
Giasse (1924a) give it as then opinion that the foims seen weie merely young 
foims of Tiichonionaii dogieh 

Chalmeis and Pekkola (1919) desciibed as Dicei comonas soudanetisis 
a flagellate which they found in human feces Finding out latei, however, 
that Dice) comonas \ias aheadv pieoccupied, they changed the name latei in the 
same ^eal to Diploceiconionas soudanensis (1919a) Wenyon (1926, p 633), 
however, on a study of their oiiginal films, states that they weie deahng with a 
mixture of 7'ruercouionas intestinahs and Enibadomonas intestinalis, and that 
no flagellates were piesent having the stiuctuie of a Dice) comonas except some 
examples of T)iceTco)nonas in nhich only two anteiioi flagella were visible 
Alexeiefi's type species is therefoie at present the only valid one in the 
genus T)imitus Unfortunately Alexeiefi’s oiigmal description is somewhat 
scanty, and he did not see the cx'-sts It is therefore difficult to deteimine 
nhethei the paiasite which we have encounteied is oi is not identical with his 
Trionyx gangeticus inhabits salt vatei, whilst Alexeiefi’s paiasite occuiied in 
the intestine of a maime fish Judging from Alexeiefi’s measurements, the 
parasite which he encounteied wms of approximately the same size as ours 
On the othei hand a maiine fish and a iivei tmtle aie veiy different hosts 
Alexeieff named his species T) imitits motellce aftei its host Should systematists 
considei that the parasite of the tuitle is a different and valid species, we 
uould lollow his example and suggest the name Tinnitus tiionyci n sp for it 
We aie leiv much indebted to Colonel Lloyd foi this interesting material 
Vlso to Dr Baini Piashad of the Indian Museum, Calcutta, foi very kindly 
looking up the literature for us, and the loan of jomnals fiom the ]\Iuseum 
library 
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Explanation of Plates V and VI 

The Entamoeba of Tnonyx gangeticus Schaudmn’s fixative, iron-hffimatoxjdin 

stain 

1 — 8 Trophozoite forms 9 — 26 Cj'sts 

6 Giant form with three ingested starch grains 

11, 18, 19, 22, 24 and 2G Cysts contaimng more or less glycogfen 
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Expl\n«lTion of Plate VIII 

Cysts of the Tnimtus of Tnonyi gangeticus Schaudinn’s fixative, 

iron-hsematoxyhn stain, 

6, 15 and 17 Cysts showing traces of glycogen 




ON THE DIFFERENTIATION OF LEISHMANIA TROPICA 
FROM THE PARASITE OF DERMAL 
LEISHMANOID 


Assistant Surgeon B jM DAS GUPTA, 

Assistant Piofessoi oj Pi otozoology, Calcutta School of Tropical Medicine 

[Recen eel for publication Decembei 24, 1929 ] 

Leishmama tiopica, as it ocems in the tissues is moiphologically indis- 
tinguishable from the parasite of dermal leishmanoid, though, in the case of 
the formei, as the result of degeneration owing to secondary bacterial conta- 
mination, aberrant forms are met with 

The herpetomonad forms of these ti\o paiasites also appear to be identical 
In a previous communication (Das Gupta, 1927) it was shown that a 
culture from a dermal leishmanoid nodule, when injected intraperitoneally into 
a white mouse, caused visceral infection, but further experiments showed that 
it was also capable of producing a local lesion when injected mtradermally 
On the other hand Bow (IQII, 1924) has shown that L tropica can induce a 
generalized infection when injected into the peritoneal cavity of mice 

In my hands the result of experimental inoculation of mice was somewhat 
different, le, L tropica, when injected intrapei itoneallv into a w'hite mouse, 
produces a nodule at the site of injection, in addition to infection of the viscera 
No such nodule has been demonstiated so far in the case of the organism of 
dermal leishmanoid, when injected bx the intrapentoneal route 

This show's that the paiasite of oriental sore has probably got a greater 
tendencj to cause local lesions than has that of dermal leishmanoid It is 
thus seen that verj little help can be obtained for the differentiation of these 
two species from the results of animal inoculation only 

Attempts were al«o made to differentiate the species by serological tests, 
on the lines adxocated bx Noguchi (1924) Rabbits w’ere inoculated with 
cultures ol different leishmama^, xiz , L donovani (of Indian origin), L tropica 
the leidimania of dermil leishmanoid, and L tnrentolce of the lizard — (a strain 
of which was xeix kmdlx supplied through the courtesx of Di C W Youn<^ 

( 105 ) 
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DilJi’i rnhiihoii of r.ominnania hopicn 


ol llu' Pt'kniLj I niDii (’ollomO — I'lMut; inrr(‘a-«int' do^C'* at ‘:iv(la\ 

Intel V'lP I he 'em nl the'(> animal' weu* then ti'ited joi agglutination agamd 
hoinologou' and heteudouou' 'ti uU' «>i lei'hin inia, Init the itmilts \\eie cora- 
pleteh indeei'i\e In ta< t theie 'ippeaied to lie no ditYeiencc between the 
aetion oi the ‘immune* 'em and that ot noimal lahhit 'Crum 

L:\teK, m\ attention wi' diaun h\ liieut -Col H IV Acton, ms, 
Diioetoi. (ahmti lioul oi Tiopieal Aledieme, to a demon'^tiation at a 
l.ihoiaton meeting of tiu [to\al Soeiets oi Tiojueal Aledicine anti Hygiene 
ol the eiiltuial dial at tern of Tnipnnosoma nuzi anti \ariou 3 shams of 
lei'hmania when giown on a modified Ntillei’' Idnod-.igai phtc inethum (Ray, 
19291 Tt w.i' 'hown that ns hen L donovam i' giosvn by this inethotl, it 
luotluco'^ naiiONs 'tiealc' ot giowth, without lateial outgiowth-^, also the rate 
t)f giowth 1 ' 'low On the othei hand, L hopnti — (e'pccialh a ^^tiam lecened 
liom Palestine! — gase a inoie lapitl giowth .iiul showetl lateial oiitgiowths 
Vcooitlingh , stiaiU' of L tiojncn and ol the leidimania of tlcimal leisli- 
manoitl. both I'Olated at about the ''nine tunc — (L tiopica fiom patient 
Langbati on the 24th Septembei, 1929, and the dcimal Icishmanoid sham 
fiom patient Ro\ i«:olated on the 2nd Ootobei, 1929) — weie taken and sorni 
on modified IVollei’'? blood-agai platen Aftei 72 houis’ giowth the giowth 
was gently sciaped oft the suiface of the plates and emulsified m saline The 
emulsion wa*! '^tandaidizod b\ fimt mixing epual solumcs of emulsion and 
Sinton’s fowl blood ooipu^ele 'sinpon^ion fioin whieh films weie piepaiecl, stained 
and counted (Smton, 1924) Thi< method of Sinton’';, oiiginally intioducecl foi 
counting leucocytes and malaiia paia'^ites, has a yen wide lange of applica- 
bility, and IS a mo4 yaluable laboiatoiy pioceduie 

The emulsions of both species w'eie now diluted dowm to the same 
numeiical stiength, and an equal numbei of flagellates of both species weie 
soNvn on diffeient paits of the 'same plate, spiead as fai as possible ovei 
equal aieas, and incubated at 22'’C — ^24‘’C The plates iveie examined daily 
foi nine days 

It was found that the giow'th of L tiopica ivas fai moie lapid and 
liixunant than tliat of tlve paiasite of deimal leishmanoid, but no tuie lateial 
outgiowdhs, as described by Ray (1929), weie seen 

It has also been found that cultuies of L tiopica will withstand exposuie 
to higher tempeiatiires than those of the paiasite of deimal leishmanoid On 
one occasion wdien the cool incubatoi w'ent out of oidei, its tempeiatiue lose 
yeiy high, as a lesult cultuies of Ij donovam and of the paiasite of deinial 
leishmanoid died out, and no sub-cultuies could be obtained from eitliei sfciain, 
on the 'othei hand a culture of L tiopica, although the oigamsms appealed 
to haye become immobile, gaye a successful sub-cultme on fiesh medium, wdien 

incubated at the piopei temperature ^ 

It may be mentioned here that such plate cultures on a modified Nollers 
blood- agai medium giye exceptionally iich giowths, affoiding plentiful mateiml 
for experimental pm poses The medium furthei has the adyantage that tiie 
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growth IS free fiom the debus piesent in the watei of condensation of NNN 
medium, and it is very suitable for pieparing stained specimens and foi teach- 
ing purposes It also produces heavj’- infection in e\pei iniental animals Thus 
Plate IX, fig 3 IS a miciophotogiaph of a spleen smeai fiom a iihite mouse which 
received an intraperitoneal injection of such a cultuie of the paiasite of dermal 
leishmanoid, and died fiom leishmania infection on the 34th day 

I wush to express my indebtedness to inv chief, Col R Know les, i m s , foi 
his help and guidance in this wmrk 


D^s Gdpt\, B M (1927) 
Noguchi, H (1924) 


R\i, J C (1929) 
Row, R (1914) 
Idem (1924) 


Simon, J A (1924) 
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Iv woiking viith Kuttnei and Cohen’s method (1927) for the estimation of 
small quantities of phosphates m uiinaiy stones, difficulty was experienced 
because of the fiequent occuirence of a blue coloiation m blanks containing 
no phosphate whatsoevei These authors themselves have found that then 
method voiked within veiy naiiow limits Thus, the optimum acidity of 
sulphuiic acid foi reduction of the phosphomolvbdic acid lies in a zone between 
0 9 and 1 05 normality, and any variation fiom this range pioduces either a 
cleciease oi an inciease of coloui Again, the optimum concentration of sodium 
mohbdate in the final mixtuie lies in the veiy naiiov zone between 0 73 to 
0 75 pel cent, concentrations belov this zone effect a deciease m colour- 
pi oduction while those above it ineiease colour-pi oduction due to the reduction 
of molvbdate itself Lastly, the optimum concentration of stannous chloiide 
lies in the zone between 0 020 and 0 022 per cent, and stronger solutions reduce 
moRbdic acid as well as phosphoraoh bdic acid Thus it is seen that the thiee 
pnncipal reagents used in the method, mz , sulphuric acid, sodium molvbdate 
and stannous chloride, wmuld all have an adverse effect on the accuracy of 
the method, if used in other than their individual optimum concentrations 
The fiequent use of ammonium molj'bdate in analjdical laboratories and 
the ease with which it is obtained m a high state of purity, combined wuth the 
difficultv of obtaining sodium molvbdate, suggested the substitution of an 
eqmv alent amount of ammonium molvbdate in Kuttner and Cohen’s method 
J, MR ( 109 ) 8 



^ofi Oil the f’s*' of luniioiiiinii Moli/hdiite 

Allowinii i 10 pel cent eiioi foi ( (»lonmetiic e-'tirnations, it can be seen 
fioin the al)o\i table tint the nptiinitm /out loi the 'iiilphuiic acid in the case 
01 iiiinionuini iiiohlulate lu*'- lieiuttii 0 7 N and 1 1 N Vin change in the 

noiniaht\ e-'pctiilK on the louei ''ide ot 1 0 N uonld not “=0 Mtiate the 

accuiat\ ol the le-'iilt-' it would it ■'odiiiin iiioUbdatc weie used In the 

blank-' loi aininonium iiiol\ bdate, onh one with a 0 5 normality gave an 
iininediate di-'tintt blue tolordion, thii ■'how-' that in \ci\ weak acid solutions, 
e\ en the inoh bdie atid n itdiitid 1)\ the ^tannoii'' (hloiidc But in blanks 
with aininoniuni iiiohbdite ha\ing (oiuentiation-' of 0 7 N and o\er there is 
eithei no toloui piodiitcd within one houi oi at best oiilj a slight yellowish 
tinge This n not •'O when ■'odiuin nioKbd.ite is Used, toi in e\eiy one of the 
blanks theie w'as an ippiciiable blue (oloiation, which langcd fioni 43 to 90 
pel cent of the toloui that would be developed uiidei siniilai conditions with 
0 1 mg of P_0^ 

Tvdli II 
E\peiimcnt 2 


Noimality of sulphwic acul and pa tentage of stannous chlonde eonstant, but 

pcicentage of molybdates vaiying 


Number 

WiTU AMMONIUM MOLV UDCTL 

WlTU SODIUM MOm BDATE 

Pel centage 
of 

molybdate 

Pcicentage 

colour 

pioduction 

Pcicentage 
coloiu 
pioduction 
in blanks 
(without 
phosphate) 

Pci centage 
of 

molA bdate 

Pci centage 
coloui 
pioduction 

Percentage 
colour produc- 
tion in blanks 
(w ithout 

phosphate) 

1 

0*1 

0 


0 50 

106-6 

42 8 

2 

0-2 

28-1 

1 

! 

0 60 

103 0 

Trace * 

3 

03 

845 


0 70 

107 6 

143* 




Only a light 




4 

04 

100 0 

yellowish 

0 73 

99 7 

14 3* 




tinge after 




5 

05 

1012 

oa ei half 

075 

100 0 ! 

17 9 




an horn 




6 

06 

100 4 


,080 

117 4 

39 4 

1 

7 

or? 

100-4 


0-90 

130 2 

465 

8 

OrS 

102-0 






*In the blue coloui obtained, theie was a gieenish tinge which lendeied the coloiimetnc 
compaiisons difficult and not vei'y tiustwoithy 


It IS evident fiom the above table that the optimum zone foi the concen- 
tiation of ammonium molybdate lies ovei a wide lange fiom 0 4 to 0 8 pei 
cent As nothing is gained by inci easing unnecessaiily the ammonium molyb- 
date content, it is kept at 0 4 pei cent This lesult is m contiast to that 
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obtained by Kuttnei and Cohen, wheie a slight deviation fiom the veiy naiiow 
optimum zone of 0 73 to 0 75 pei cent pioduces a maiked mciease oi deciease 
in coloui pi eduction accoidmg as the peicentage of sodium molybdate is 
inci eased oi deci eased Heie then lies the special advantage of ammonium 
molybdate ovei sodium molybdate 

It IS to be noted that while the blanks with ammonium molybdate were 
flee fiom the blue coloiation, those with sodium molybdate weie distinctly blue, 
the depth of coloui vaiying fiom about 14 to 46 pei cent of that which would 
be developed undei similai conditions with 0 1 mg P _05 ^ 

Table III 
Expel iment 3 


Noiviality of sulphunc acid and percentages of molybdates constant, hut 
percentage of stannous chloride varying 


o 

-Q 

s 

S 

)2i 

With 

WMOMtJM 

aiOLYBD\TE 


With sodium molybdate 

Percentage 

stannous 

chloride 

Pel centage 
colour 
production 

Percentage colour 
production in 

blanks (without 
phosphate) 

Percentage 

stannous 

chloride 

Percentage 

colour 

production 

Percentage 
colour produc- 
tion in blanks 
(without 
phosphate) 

B 

0*0025 

62 5 












8(77 

23:2 




There was 

no 




U 


98*0 

production of the 


92*8 

35 7 




blue c 0 1 0 

u r 





0*015 


characteristic 

of 







the phosphate 




5 



E I e n several 

0 020 

lOOfO 

39 3* 




hours standing 




6 

0 025 

9S-5 

did not lesult in 

0 022 

99 8 

39 3* 




the de\ elopment 




7 


99 5* 

of the blue 

0 025 

103 6 

35 7* 




colour 





8 





0 030 

1110 

267* 

9 


88-5* 




112*2 

267* 



1 








There was also a greenish tinge which tendered the colorimetric comparisons difficult 
and not aeiy reliable 


It IS seen fiom Table III that the optimum zone foi stannous chloiide in 
the else of ammonium molybdate is spiead out over a much wider range, \iz, 
0 OOo to 0 025 pel cent, than in Kuttnei and Cohen’s method With increas- 
ing concentrations of stannous chloiide, especnll)’ 0 03 per cent and o\er 
(Kiimbeis 7, 8 ind 9), the character istic blue colour was masked by a greenish 
tinge, lendeiing coloiimetiic estimations difficult and not aeiy reliable The 
pioduction of a blue colour m blanks a\as, as obsened before, noticed only 
"iieii sodium moI%bdate w is used, while the blanks pei formed with ammonium 
molibdite were free from it 












lit 


\oh fill lilt' ( 1)1 \ nniiiiiiiKiii Molijhfhite 

Mtan I olou) pi nductioii in liUtnk,^ uith i^oiliuiii molybdate 
taking till* coloui piocluctd witli 0 1 mg ot P.O., undci Kuttncr and 
Cohen fe oiuiina loi the uaeting "uh-'finti a^ t(iui\ak'nb to 100, the following 
\ allies weie obtained in loin blank-' jiuioinud iindei ■similar conditions 
43 0, 17 9, 39 3 and lb () 'riu-'O iipie-^cnt a im.in toloiii pioduction of 36 7 

Unmonuim mplybiiah vdsU', ^^odinm moli/bdalc 

In the expeiiinents designed to a-'iutain the ielati\e inten?itic‘? of the blue 
coloui^ dcNclojied with ammonium inohbdate and sodium molybdate, the 
coloui piodiution with aminonium inohbdate uas onh about 72 pei cent of 
that obtained with the -'Odium " dt This i-, not to be taken as indicating a 
le^s intense coloui with ammonium inohbdate, loi while the blank with 
ammonium inohbdate wa-i fiee liom blue toloui that with sodium molyb- 
date was efiunalent to IG 6 pei cent ot the coloui obtained witli 0 1 mg PjOj 
On the o.thci hand, ammonium inohbdate would appeal to pioducc a deeper 
coloui, if due allowance be made foi the blank 


Discussion 

The necessity of putting up blanks m the micio-estimation of phosphates 
can hardly be ovci estimated, ‘=!ince a distinct blue coloiation, chaiacteiistic 
of the phosphate, wms obtained m almost cvciy blank done wnth sodium 
molybdate Failuie to do blanks may ACiy likely load to the detection and 
estimation of phosphate ivlicic none is actually piesent But a consideiably 
gieatei clegiee of ficedom fiom this fallacy can be got by’' the use of ammoniiim 
molybdate in place of the sodium salt, though even then it is always safei to 
peifoim blanks It is not possible to infci fiom Kuttnei and Cohen’s paper 
■whethei blanks weie done, oi having been done wdiether they weie inadvertent- 
ly omitted in the text of the papei 

It might be aigued that the development of the blue coloui in blanks 
containing sodium molybdate may be due to an impuiity of phosphate in the 
molybdate The substance used in the present investigation was obtained fiom 
the Biitish Diug House Boiling about half a grain of the substance with 
concentrated nitiic acid did not give an yellow’ precipitate of phosphomolybdate 
As the sodium molybdate used hcie was not of the specification given by 
Kuttnei and Cohen, viz , Kahlbaum’s ‘ Zui Analyse,’ it is not possible at the 
piesent stage to say definitely whethei theie will be sirailai coloui pioduction 
in blanks oi not Even assuming that there is no colour production, ammonium 
molybdate is to be piefeiied Its easy availability in a high state of purity’', 
its relative cheapness, the wide range of concentrations w’lthm which it can be 
employed and the almost complete ficedom from coloui in the blanks aie all 
points in favoin of using ammonium molybdate in the micio-estimations of 
phosphate 
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Summary and conclusions 

A modification of the Kuttnei and Cohen’s method of micro-estimation of 
phosphates has been effected by the substitution of the more common ammomum 
molybdate for the relatively larer sodium molybdate This substitution confers 
on the method many advantages 

REFERENCE 

Kuttner and Cohen (1927) Jour Biol Chem , 75, p 517 
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B\cterioph\ge in BACILLABA DYSENTERA' 

The piesent senes of obseivations on the incidence of bacteiiophage in 
bacillaiy dysenteiy and the effects of tieatment with a theiapeutic phage was 
earned out at the Rangoon General Hospital duiing 1928 and 1929 mainly 
duiing the monsoon seasons when dysenteiy was epidemic The object of the 
woik was to obseive the natuial incidence of phage and the effects of phage 
tieatment in fiesh acute cases ot puie bacillaiy djsenteiy, and especially in 
cases dealt -with befoie the occuiience of seveie intestinal lesions such as ulceia- 
tion and neciosis It was consideied that such cases would, if the theiapeutic 
administi ation of phage w'as capable of piovmg effective, show the most definite 
lesults Cases w'eie selected winch iveie of short dui ation on admission and 
which show'ed the chaiacteiistic cellulai exudate of bacillaiy dysenteiy of the 
acute stage, and onlv those included horn which the causative organism was 
Isolated The class of patient enteiing the Rangoon Geneial Hospital, and 
the conditions iindei winch thcA enteied, made it bj no means easy to obtain 
a laige numbei of suitable cases foi oui obseriations Many came late with 
established iilcei ation of the colon and even in cases which show'ed typical 
bacillaiy djsenteiy and fiom winch the oigainsm was isolated a latei appear- 
ance of E histolytica in the stools showed the piesence of double infection 
Such cases were excluded fioin the final seiiev The difficultj in obtaimng 
suitiblc cases coiifoiming to oui leciuiiements will be lealized when it is noted 
tint in 1929 out of 878 cases whose stools weie examined onl> 24 w'eie found 
suitible foi continued obseivation In the mijontj of cases the exudate w'as 
itepiLil nid i fiist cultuie negatne lud these weic not pioceeded with One 
lumdicd nid fi\e weie amabic dAscntcij The abo\e explan uion accounts foi 

( 117 ) 



Table 1 

Shiga dy&eiitoy — 1928 i,e)ies 

Incidence of bactenophage in stools as tested against stock laboratory str 
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Table I — concld 
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Tabii. II 

Shtga dyscntoy — 1929 scties 

Incidence of hactenopJiage in stools as tested against stock laboratoig strain and oiin organism 
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Table II — condd 



TSTumber of days before clear 
of microscopical evidence of 













T'VBLn III 

Flexiici dyseiilcnj — 1929 6chcs 

Incidence of bactcnophage ni stools as tested against slock laboiuto) y stHWi and own oigantsiit 
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Table IV 

Showing phage activity of stool filtiates of ‘ conbol’ cases dying within 24: hoitrs of admission against stocl^ 
* vibno and own oigamsm 
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THE PATHOLOGY OF CTIHONTC COLITIS IN THE TROPICS * 


B\ 

T BII\SK\R V :MEN0N, m d , m r c p , 

Dcpcii tmciit 0 / Pathology, Medical College, Madias 

fRiconod for piihlic^ition rebnnrv 6, 19301 

The term ‘colitis’ 1ms been used clinically foi vauous obscure affections 
of the laigc intestine cliaiacteiued b\ diairhtca or by the passage of mucus 
or e\en blood in the motions The undei lying pathological condition has not 
been clearh described The teini itself presupposes an inflammatory affection 
of the colon VvarMng giadcs are met with from meie supeificial cataiili of 
the raucous membrane to actual ulceration and even total destiuction and 
sloughing of the colon Descriptions of the morbid anatomy of the lesions met 
with naturally aaiy m such a vague gioup It must be understood that the 
condition called muco-membianous colic characteiized by constipation, attacks 
of colick} pain and the passage of membranes is not included under ‘ colitis,’ 
in agreement with the view that the condition is due to a hyper-secretion of 
vagal origin very similai in its mechanism to asthma 

‘Enteritis’ is a similai term applied to an acute or chionic catarrhal 
affection of the bowel oi moie paiticularly the laige intestines The teim 
‘ folliculai ’ ulceration connotes a type of ulceration confined to the lymph 
follicles of the small and also of the large intestine ‘Stercoial ulceiation’ is 
also another term that has been used to denote a type of ulceration thought 
to be due to the piesence of hard scybalie ‘Diphtheritic’ colitis, ‘ croupous’ 
enteritis are terms that were commonly used to designate that type of acute 
inflammation of the colon characteiized by the presence of a false membrane 
of fibrin and inflammatoiy cells The term ‘ ulcerative colitis ’ has been used 
to designate an affection of obscure setiology but here m India at least most 
of the cases labelled as such 'show at autopsy well-marked features of dysenteric 
ulceration The term ' dysentery ’ itself is rather loosely applied to ulcerative 
affections of the colon due to infection either with the Entainceba histolytica 


* A paper read at the Indian Science Congress, 1930 
( 137 ) 



'The Pniholonu of Clnoinr Cnlilis in Ihr T topics 

01 with h.uilli bcloii^iii!,' to tin' Shit^.i oi Fli\n('i-Y ivpc- ‘ C!anf,'icnoiis colitis’ 
1 " a naiiH ^ucn to a t\iu> ot -imh iiheiatiM loliti-^ iliaiatteiizcd by the 
ino'Ciu’w oi diit\ uriM-li hl.iik sloui^h-' 

C'olili-- ha-' hu'u aUuhiiitil to \aiimi> iaU'(.'> '•ucli a^ tluoiuc constipation, 
iiitcctioii liom \'uioiiN >0111(1-, -,u(li a'^ tlio tood, inoiitli, appendix, to 
nieelianu"il muation iioni kink-, and -teno.-H, to mte>tinal parasites, etc 
Exeietion ot uiu acid tliiuiij^h the lolon in gouts conditions gisnng use to a 
gouts coIiti> lia> 'il>o heeii dc-'Ciibed 

A studs ot the p()>t-nioi tcin lecouE and niatciial obtained from about 800 
tase^ of saiiou> tspc> ot inflaminatois and iilceiatisc aftections of the bowel 
has «hossn the iiiipoitaiuc ot what mas be filled the ‘ds>enteiic' factoi in all 
tlic^e ahcctum^ 

Foi a piopci apinceiation of this a dcsciiption of types of djsentenc 
lesions wc hase met with aic ot inteiest 

A studs of po^t-nioiteni niateiial m bacillais dssentoiy shows one gieat 
similants in that the Ic'.ions aic alwass mnaininatoiy It is not sufficients 
lecognued, hossesci, that the icaction saiics to ‘i gieat extent ssith the type 
and x'liulencc of the infecting oiganisms 

Eaily lesions in ses'cic case& aie mostly in the ciests of tlic folds of the 
mucous membiano and consist of a speck of ncciosis cos'cied by’ ssdntish giay 
slough — a diphtlieiitic leaction This is suiiounded by an aiea of acute con- 
gestion and hannoiihage into the mucous membiane Howwei, it is quite 
common to meet svith eaily' lesions m wdiich the luajmoiiliagic leaction is moie 
piedominant and the diphtheiitic icaction is not so maiked, so that the lesions 
found post-moitem aie small seipigenous ulceis suiiounded by luBinoiihage 
extending along the ciests of the folds of the mucosa, the ulceis being mostly 
supeificial while the wdiole mucous membiane shows intense congestion and 
points of haemoiihage Sometimes specks of Inemoiihage with a cential aiea 
of neciosis aie the fiist lesions that aie noticed Veiy often the whole of the 
sigmoid and the descending colon aie covered with laige uiegulai serpigenous 
ulceis with intense engorgement of the suiiounding mucosa The ulceis are 
covered with duty yellow sloughs extending in sheets, an appearance corres- 
ponding to the diplitheiitic colitis of old writers In very acute infections a 
‘gangrenous’ piocess may supervene, the whole mucous membiane showmig 
intense infiltration with inflammatory cells It is to be noted that chronic 
cases of bacillar v dysentery do not present this typical diphtheritic oi hsemoi- 
ihagic leaction Indeed in the great majority of cases late lesions can only 
be made out by an examination of sections which show the type of reaction 
The lesions are invariably inflamraatoiy even in chronic cases Piolifeiative 
changes in the mucous membiane are quite common, giving use to polypoid 
elevations from the piesence of adenomatous masses or cysts m the glands, 
colitis polyposa On the other hand atrophy of the bowel may supervene from 
extensive ulceration of the mucosa and the end result may be a pale or pig- 
mented and attenuated intestine, wdiich microscopically exhibits very little 
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gl mdul u tissue uul m which ill the co its '-how atiophy The commonest 
tepe, howcccij 1 '' i thickened bowel pie-enting what maj be called a ‘moss 
co\cied’ appcuinee ot the mueous- membi me with niegulai sens m places 
This Is clue to the supcifiei il uleci ition of the villi so that the unifoim smooth 
textine of the iiiucos i is lost It mu't be iccognized that the commonest 
‘ iollieulai ’ ulcei tint is met with heie is m infections with the dysentery 
gioup ind such ulceis foim the bin-' of the so-cilled ‘ gianulai colitis’ of old 
wiitcis fco-cilled ‘stcicoi d’ liken identical in e\ciy inspect with ulceis m 
the neighbouihood of 'tiietuies uid kinks aie mot with m cluonic infections 
with the discnten b icilli The (lUC'^tion uisCs whethci these types of ulceis 
lie leilh dN'cnteiic in nuuie Histologieallj ‘stcicoial’ ulceiations aie 
nulistniguish iblc from eluonie djsenteue ulceis 

A\ hen we tuin to uncebic dc'cnten we find i clilTeicnt leaction of the colon, 
not niflamm itor\ but degenci itiie ind neciotic This is obvious from a study 
of animbic Ic-ious lliere is i neciosis ol tissue wdiicli involves the mucosa 
ind siibmucosi and extends down to the muscle coat causing extensive and 
deep ulceis E 11 I 3 Ic-ioiis coiic-'poiidmg to the fiist type of Baitlett (1917), 
wlicie there 11 c tiiij pm-iioint nodules without an> bicach of sin face, have not 
been met with 111 uitop'ics ;Mmutc nodules with yellow ulceiated maigins 
coiiesponduig to Biitlett’s second Upc hive been met wutli The usual tjpe 
of unable lesion is a laige iriegulai ulcei coieied by giay and neciotic sloughs 
and with iindei mined edges, the suiiounding mucosa show’ing a boggy appear- 
ance Baitlett’s classification of five types of amccbic lesions are not borne 
out by oui lecords In chionic ca-es some ulceis have cleai cut margins and 
a piinched-out appeaiancc, while otheis have a honey-combed appeaiance 
The wall of the intestine is usually thinned out and atrophied In hypei-acute 
infections the mucous membi ane is extensively ulceiated and a gangrenous 
piocess IS sometimes present The ulcers have at then edges black or giay 
tags of neciosed mucous membi ane and the base of the ulcers themselves aie 
dark, discolouied and fiiable The colon may be very much thinned out and 
fiiable and peifoiations sometimes occm Heie we have a different type of 
reaction with destruction of tissue Very little inflammatoiy changes aie 
observed m uncomplicated infections with E histolytica ‘ Mixed ’ infections, 
howevei, occui 111 which the neciosis of tissue caused by the Entamceba 
histolytica and mflammatorj' lesions, probably due to dysentery organisms, aie 
both present 

AVhat aie the lesions met with in chrome colitis and chronic diairhcea? 
iMummery (1910) recognizes three pathological types, (1) hypeitiophic colitis 
where there is glandular polifeiation, ( 2 ) granular colitis where there is follicular 
ulceration and inflammation, and (3) chronic catarrhal colitis Heischall and 
Abrahams recognize besides these (4) an atrophic fiom which is the late result 
of a chronic catarrh An analysis of the post-mortem findings of 40 cases of 
chronic diaiihcea described variously as chronic colitis, enterocolitis, tubeiculai 
diaiihcea, etc , have show^ed lesions indistinguishable histologically from that 



^ Pdlltnlomj of ('htonic Colitis hi the Tiopics 

of chioiiR hat'ill.'u \ (l\'(nt<r\ in 18 and fiom ainabic d} senterj’’ m 6 

In tiie icniainiim 1<> ui'-t'i tin «»nh (nnditum nut uith u.is an atrophied 
intc'-tuu’ '•liouiiuc atuipliN oi tlu j^Iand-^, atiopli) ol the miaoih mcmbiane and 
even ol tlu' nni>t le (oat \\ lather tiu-e aie le-'ioiH met with as a result of 
l>re\iou-> (h-inleiie inter tarn, oi whctliti tlit\ lepie-'tnt an atioplued state of 
the inte-tine a-^ a ii'iilt ot (hnmu inanition oi po-"'iblv vitamin deficiencv , or 
whcthei ihov lepie-'ent atvjncal ea^C'* ot Npiue, it h not possible to saj at the 
staye It -cenis jiiobahle, howcvei, ironi a stiidv ot post-morteni material that 
a huge numhei ot the-e i‘a>c-' oi iliionie iliaiiluei arc icallj the le&ult of 
ehionie iniertion with dv'cntcrv bacilli oi Entnmivba histolytica 

It mighi be a-'kcfi wh\ it is that oasc^ of diionic colitis do not give definite 
evidence on cultuie of dv-'Cntciu iniectioii' Bactoiiologists have pointed out 
that dvsenteiv oigani'ins “-urvivc in the gut onlv in the veiy earliest stages 
of infection and that in mild tvpcs dvsenteiv oiganisius inav cause piogiessue 
uiceiation of the gut and that cultuies oven in tvpical cases aic most difiiciilt 
to obtain unless thev be iindei taken sulfieientlv caily betoie fmcal oiganisni'' 
oveigiow the dvsenteiv gioup Tims ]Manson-Bahi and Gicgg (1925) have 
pointed out instances of oases of bacill.iiv dvsenteiv of a mild tjpe resulting in 
piogiessne uiceiation of the bowel in which the >pcciric djsentciy bacilli plav 
but the initial lole Piob.iblv the acute infection causes the dcsti action of the 
mucosa and the otliei oiganisiiis set up a cliionic cataiih Lechngliam has 
pointed out on bacteiiological evidence that the teim ‘colitis' has been vviongly 
applied to conditions the dyscnteiic natuie of which w’as not fai to seek, and 
he bungs foivvaid stiong evidence to piovm the impoitance of B chjsenteiKRi^ 
the letiologv of piimaiv simple dianhreas He calls the condition a simple 
ententis of Flcxnci oiigin and also adds that in essence these Flexnei chaiihceas 
are aboitive dysentciics 

When w'e tuin to Entamoeha histolytica infections Wenyon and O’Connor 
liav'-e pointed out that this infection is vmiy often latent and that many have 
mild attacks of diaiihoca and only some have definite dysenteiy This is borne 
out by Lechnghara’s obsenmtions on cases fiom 1922-24, w^hicli point to the 
fact that E histolytica is moie often found in cases of diaiihcea than in 
dysenteiy 

It might be aigued that in the absence of the demonstiation of the infecting 
agents we have no leal evidence as to the dysenteiic natme of these cliionic 
cliaiiliceas, but my contention is that the moiphological appeal ances of tlie 
lesions show staking lesemblances to dysenteiic lesions eithei caused by the 
dysentery bacilli oi Entamoeba histolytica Bacteiiological evidence of this as 
I have pointed out is extiemely difficult, if not iiiipiacticable, to obtain 


Summary 

1 The diffeient types of dysenteiic lesions aie desciibed from a study of 
mateiial and lecords from 800 autopsies 
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2 It IS put forw ml that about 60 pti tent of fatal cases of 'cluomc’ 
colitis 01 ‘chronic diarrha'i’ of iiultlinite oiigin show moiphologically strong 
leseinblantc to tlic lesions of chronic thscntcij 

3 Some cases show an itioiilnetl state of ill the coats of the laige and 
small intestine, the t\ict c lUse of wluth has not been detei mined 

llEl<LULNCLs 

Mummchi (1910) ‘ Disi i=os of llit Colon,' p 137 

HuiscucLL uiJ Ainuui'i (1911) Chroun. colitis,’ p 11 

McSbON-BMiii, P iml Ciinri., V L liril Jour burijoij, p 711 
(1925) 

Ledisoiicm, J C Olhciil Hiblory ol the Groat War’ (Pathology) 

WhN^ON and O’CoNNou Ctttil by I odingh iin Ibtd 

ButTLcrr (1917) Giiurt Jour MlJ , XI, p 549 



E\i>iANmo> or Plvtl X 
Bacillmy dysenteiy 

P 404 Slide 

Small intestine siiowing caily lesions and small supeificial seipigenus ulcers 
with liajmoiihages 

Micioscopically show's mfiltiation w'lth polymoiphs and lound cells and 
submucous hiemoiihages and supeificial ulceiation 
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E\pl.vxatiov of Plate XI 


Chrome colitis 

P :Nr 2231 
13-12-28 

There aie healed ulcers leaving the submucosa bare in places The mucous 
membrane has a ‘ moss covered ’ appeal ance from supeificial ulceration 
There is some thickening and stenosis of the gut 
.Slu/e P 425 shous old hamioiihages, iriegulai ulceration of the mucosa, 
redenia and thickening of the submucosa and infiltiation with 
pohmoiphs ^Chronic bacillary dy^enteiy 
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Slide P 1327 

Shows ncciosis of tiio imicous nicnibiano iii places and infiltiation with 
polymoij)hs and lound cells Theie is maiked infiltiation of the 
submucosn with lound cells, polvinoiphs and a fei\ maciophage cells 
The vessels of the submutosi show inaiked congestion and tlieie aie 
a few hannoiihages '^Chionio bacillaiy dysenteiy 
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A SHORT NOTE ON THE AGGLUTINOGENETIG POWERS 
OP THE ‘ ROUGH ’ AND ‘ SMOOTH ’ VARIANTS OP 
B TYPHOSUS AND THEIR :MUTUAL 

im:\iunological relationship 

Part II. 

m 

Lieut S M K MALLICK, mrcs, lrcp, dph, ims, 

VND 

Assistant Surceox AI G COOMBES, dtm, imd, 

CcnUal Reseat ch Institute, Kasauh 

[Rccei\cd for publication, February 7, 1930] 

VicciNES made from the ‘tough’ sfciams of micto-oiganisms have oeen 
proved to be inferior, for prophylactic purposes, to those made from the 
‘smooth’ stiams, although a few workers have assigned piotective valueo to 
the former against infection by the smooth (virulent) strains 

Arkwiight (1927) carried out a series of expeiiments with guinea-pigs 
immunizing them with the rough and smooth strains of B typhosus and tested 
the piotection afforded by each against intraperitoneal lethal doses of the 
smooth strain Weber (1927) has shown that avirulent strains (rough) of 
B typhosus did not make efficient prophylactic vaccines Rowland (1914- 
1915) correlated the prophylactic efficiency of plague vaccine with the 
virulence of the organism used foi vaccine prepaiation 

Although the main consensus of opinion, amply borne out by the experi- 
ence of many woikers, is that the smooth strains of oiganisms always make 
better prophylactic vaccines, yet the lOUgh strains m ceitam cases have been 
found to possess some protective efficiency against infection by smooth stiains 
of the same organism 

The nature of the transition fiom the smooth to the lOugh phase has not 
yet been clearly established though various theories have been propounded 
claiming to explain this phenomenon It is qmte possible that this change 
differs culturally, morphologically, serologically and iramunologically in any 
particular organisms 
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^ * Smoolli ' VtUKDils of B tvphosus 

Di Cdw.iu (1023), uoikin'jc with di-'OcKition \an.intb of Streptococci 
olj-'Cned iliat •'Onic oi the axindciit -tiJini-' dcditiiteK protected against the 
Miulent one-' 

IIcadle\ ( 1U19) uciikui^ on H oi I'-iLptuiis tlciued a lougii strain winch 
iiiaikcdl\ afioided ])iote(ti()n agaiiibt tlie -11100111 btiain This paiticular lougli 
‘'tiain dilUicd lioni his olhei lough '.tiain- in not teiinenting saccharose 

Andei-on fl‘)29) and othci- ha\e tonnd tliat -oine piotcction was afforded 
in a longh \aicino of li ai i^cptu iis m pigeons against a letlial dosc of a smooth 

stiain hut then lough stiain wa- leacting inditleientlc touauis saccharose, 

sometimes feimenting it and at otheis not 

White (1929) woiking on intestinal oiganisiiis claimed that the essen 

tial change m miciobic-dissociation fiom -niootli to loiigli implies the loss of 

non-piotem caibolndiate — containing soluble specific component Although 
the intiicate stiuc tines of 111011 - oiganisiiis geneialh infecting the human 
intestinal tiact luue been woiked out duimg icccnt \cai& \et we aie not in a 
position to say definiteK that the mam antigens thus discoceieil aie the onlv 
factois conceincd m the piotection of the mdividiMl against a paiticulai infec- 
tion It has been -liown that theie aie a numbei of other constituents also 
Foi instance, in the oiganism comple\ ot B ti/phobin,, besides the antigens we 
have e\oto\ins and endotoxins, etc 

W'liatevei may be the difleience in stiuctuie between the valiants of a 
paiticulai pathogenic oiganism, the mam fact, of paianiount impoitance to 
those interested m preventive medicine, 1 ^ to asceitam which vaccine will give 
the best piotection to an individual against a paiticulai disease 'With this 
point in view w'e caiiied out certain expeiiments to investigate, m a simple 
wmy, the immunological lelationship of the lOugh and the smooth valiants of 
B typhosus and to find out ivliethci one vaiiant can replace the othei for pro- 
tective pui poses, and also as to wdiich is the better of the twm As a point of 
interest w^e also endeavouied to deteimme the efficiency of a mixed vaccine 
containing both the valiants, this being the nearest appioacii to the whole 
organism In so far as the protective antigens w^eie conceined we endeavouied 
to deteimme which vaccine is most competent to piotect an individual against 
both types of infection Previous leseaich has showm that the rough vaiiant 
altliough usually associated wuth aviuilencc is not always completely so Thus 
in oui expeiiments, the guinea-pigs receiving live rough cultuies showed a 
definite moitahty although the dose lequiied to kill the animals wms consider- 
ably liighei than that of smooth type AVe tested the variants by then usual 
chaiacters and proceeded to deteimme then minimal lethal doses for guinea-pigs 
(500 gims ) wuth a view^ to putting up controls and regulating the test doses 

Eipenment 1 

Deteimination of the minimal lethal doses of rough and smooth 24 hoiirs 
broth cultures of B typhosus given mtiapeiitoneally to guinea-pigs of 
gi amines body-w^eight 
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Table I 


Cultures 

Doses 

i 

Rough 

2 c c 1 

i 

3 c c j 

1 4 c c 

5 cc 

Number of gume i-pigs 

2 

1 

2 ' 

1 

2 

2 

Result 

2 L 

2 L 

1 

2 D 

2 D 


Table II 


Cultures 

Doses 

1 _ 

Smooth 

1 

1 cc 1 5 cc 

1 

2 c c ' 

3 cc 

Number of gumca-pigs 1 

2 2 

2 

2 

Result 

2 L 2D 

2 D 

2 D 


L = Survived after 96 hours 
D = Death within 96 hours 


All the guinea-pigs used in the test (including contiols) weighed 500 
grammes e icli Tliot neie all kept undei the same conditions and fed on the 
same scale of food 

Thiee vaccines t\ere prepared — 

1 Smooth Vaccine (S V) fiom the smooth vaiiant of B typhosus 

2 Rough Vaccine (R V ) fiom the rough variant of B typhosus 

3 Mixed Vaccine (IM V ) containing both lough and smooth variant in 
equal parts 

All the vaccines were prepared fiom 24 houis agai slopes, standaidized 
by Brown’s opacity tubes, the organisms killed by heat at 56°C for one hour 
and lormahzed (0 20 per cent) 

The guinea-pigs v.ere injected subcutaneously m the region of the groin 
with 1 c c of a vaccine containing 500 million organisms to the c c and a 
similar dose containing the same numbei of oiganisms uas repeated on the 
7th day On the 12th day following the second immunizing injection the 
gumea-pigs received the test dose, which consisted of a 24 horns bioth culture 
of B typhosus intraperitoneally some leceiving the rough and others the smooth 
variant {mde Table) 

Controls were put up m each part of these experiments 

Having ascertained that both the smooth and mixed vaccines piotected 
better against each variant than the rough vaccine alone, we put up a greater 
number of guinea-pigs to compare the relative efficiency of the smooth and 
mixed vaccines 

The lesults are shown m Tables III and IV 



14G 



CO — ~ 


o r- 
O rr< 

^ <N 

s; cr 
o o 


O 


>-( vs O c 
<y ?i ^ 
U ev ^ 

O ~ — 

3 'C! '*-.0 

< . O c: 
Z~i 53 

s os 

^ S -=■ 


'J c: 
O Si 
S Srs S 
vs O 

O -o 

2 e « 
•« 55 R- 

?s s H 

O !e 


2^ CO 

I"' ^ 


C 3 ^ 

CJ ^ 

Ki 


hoiif/li (Did ‘ Smooth ’ Vatumts of B typhosus 




Tahu-. IV 

Imiminization of Gmnea-pigs by two subcutaneous doses of 500 million each of Hough (I? V ) Vaccine at 
7 days’ intewal Test doses of live bioth cultwcs (24 hours) 12 days after the second 
immunizing doses mb apentoneally Readings taken at the end of 90 hours 
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0)1 the I)i/s( )ifrnrs nj Dir Maihas Di^hicf 

tl^p CJain-on ol tlu' ili^tin't Irul -'hrunk to pic-'Ont po-^t-wai dimensions— 
tliat I" foi the la>t -i\ oi uai-'-tlic uvoiage number of cases of the 

Hioup ‘diinlioM, (l\ '•('iitei \ and (oldi-'’ bad kc|)t stirpiifingly level at some 
wiieip in the neit^blmin hood ol one bundled jiei ‘wimiin Sometimes cliarrhcei 
would e\( ecf! fi\-'entoi\, and \i(i‘ wi-a. but the total would remain steady 
With legaid to d\-'entei\, he pointed nut that pioto/ioal dysentery nas 
''bown in the icioid-? alwaNi m e\ie-'^ — \ci\ iar'^o inlc-'s — of bacillary 

Till-' di-'tiut, It will be ->0011, was, until the end ot 1925 , a stronghold of 
.iiiuebn dysenteiy, ,ind appeals to lia\e been so fiom time immemorial The 
fubt columns ol the ('liait sliow tlie situation \eij tleailj In justification of 





this, Sir Leonaid Rogeis (1921) has been quoted to us, and it seems as lou 
that authoiitative wiitei does actually give the impiession that 
dysenteiy is the chief dysenteiy in the Madias Piesidency, an aiea pi^i 
coincident with the Madias Militaiy district 
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Vbioul, most countiic'- Irue long lecognized the high pievalence of 
hmillaiN iKscutcn, mil m India, Alton ind Kiiowlts 11924) woiking amongst 
teition^ of the civil lomnumitv hi\i fveelv expiesscd then views as to the 
piepoiulci mce ol hacilluv ihscntiiv ovti unahic Cunningham (1918) also 
his, found 1 dent hicilluj' chsinteiN to be toinmon in India Manifold (1928), 
woikiiig 111 Pooii i imongst soldiei^, cudoised the Mew of Acton and Knowles and 
intiieh icM'iscd the dy-entcn figuieb foi tint distiict We oiuselves, from 
permnil expeiiciitt, Miie i\\ ue of the stuking piepondeiance of bacillary 
d\'Ciitoi> miongst tioops in klcsopot uma, and set out theiefoie on oui inquiiy 
full\ toiiMiiiid tint \\c "liould luue tlie same expeiience m the iMadias 
distiict 

The pic-eiit notes ue on figuie^ e\ti icted fiom the icsults of an inquiiy 
into the Iiitedm il Disorder of the Mulias Distiiit, the peiiod coveied by 
the iiiquiiv is fiom 20th A\)iil, 1927 to 3lst Jamniv, 1928 — about 10 months — 
dm mg which time we weie woikmg in Bingiloie 

The ihstidcu figum foi tin Bangdoie Laboiitoiy foi the yeais 1925, 
1926 md 1927, togethei with ilu figuiC' foi both liboi atones foi 1927, aie 
shown at the Chait 

The jeai 1925 w is the last uiidti the old legime Its figuies weie — 
Vmabic dvscntciv 113 

Bacillaii dv-enten 2 

Total 115 


This show's the stuking piepondeiance of amabic dysenteiy ovei bacillaiy 
alieady mentioned, in fact the Aladias distiict was one with ‘ an amcebic 
reputation ' 

The yeai 1926 was one of tiansition, dm mg which one woikei tiained in 
modem methods and one of the old legime weie employed The figuies alieady 
show an improvement as is seen below — 

Amoebic dysentery - 34 

Bacillary dysenteiy 36 


Total 70 

In the yeai 1927, our laboiatoiy moved fiom Wellington to Bangalore 
where w'e pioduced the following figmes — 

Amccbic dysenteiy 21 

Bacillary dysenteiy 109 


Total 


130 
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In the cnsu oi sptfiintn- finiu out-tation-^ oi tlio-e collected at night after 
eight o clock, the loutiiu wo" 'oniewlmt dilitient A poitioii of the stool waj 
placed b\ the "endei in rcaguc>' ghceinie and '•aline medium for examination 
lui d\'-cntei\ giotip uiganmiii'' For exaiiiiiiatioii loi E fnUolytica, a co\er 
ghi'''- piep'iiation u i-, made, ii\td tit b*chatidmn‘>’ ■<ol(ition and transmitted in 
73 pel cent ahohol The-e •>ineaK>, ••tained with Heidenhain’b liamiatoxalm, 
weie ^ealched foi aiiueh.e 

\\t had nii&gi\ iiig-^ at hist about the pie-'Crvatixc piopeities of glycerine 
and saline loi the dy->entii\ gioup b-itilh, leaiing that they might be outgrown 
in the heat thiiing tiaii'.it, but in actual juactice we found that specimens 
collected in Afadias in the hot weathei in the moinmg, posted at night and 
leaching the Bangaloie Laboratoiy about 23 to 28 hunts latei, contained 
viable oiganisiiib Fxpciiinentallx inoculated keces undeiwent a more seiere 
test Isornia! fu'ces inoculated m the luoining duimg the hot weather and 
icniaining m the laboiatoiy all da\, weic* posted at night and tiavelled about 
400 miles to Wellington Heie \igoious colonies ol the Flexiiei gioup bacilli 
weie isolated fioiii sowings made foity-eight houis aftei the specimens had been 
piepaied 

In the case of these out-stution specimens an advance lepoit was wired 
aftei pieliminary inicioscopic exaimmition, plates having been spiead as in 
the case of local spccuiioiis 

Fiom the plates aftei twenty -Join honis’ incubation likeh’^ blue colonics 
weie selected, thiee oi loui m each case These weie inoculated into manmte, 
glucose, pei)tone-salt solution and bioth If only glucose, oi both glucose 
and mannite weie feiinented without gas pioduction, the lemainiug sugais, 
namely, lactose and dulcite, w'eie inoculated, the peptone-salt cultuie tested 
foi indol bv Bohme’s method, the bioth cultuie examined foi motility and an 
agar slope sowm This method was adopted mainly on account of tlie cost of 
dulcite 

The bioth cultuies xveie killed m twenty-foui houis with 0 3 per cent 
toiraalin and leseived foi agglutination by Dieyei’s method, which was used 
tlnoughout High titie seia weie prepaied m the laboiatoiy using well known 
stiains of dysenteiy oiganisms, supplied by Lieut -Colonel H Maiiian Peiiy, 
fiom the RAM College oi fiom the National Collection at the Lister 
Institute The peiiod of incubation foi agglutination tests used tlnoughout 
was the lecognized foui and a half houis at 56° C Towaids the close of the 
mciuiiy we foimed the opinion that this peiiod of incubation was too short, but 
time w'ould not peimit of expeiiinents diiected towaids discoveiing a more 
suitable peiiod 


Baciluary dysentery 

As encounteied by us this disease is not the vnulent, fulminating and fata^ 
affection that many textbooks would have one expect The vast inajori y o 
cases met with by us and included m the piesent lepoit weie extiemey 
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t — so mild in fact tliat the piobibility is gieut that only a small piopoition of 
cases 01 the dysentery gioiip of infection cvci seek medical aid and thus come 
under observation by a laboiatory 

One 01 the most se\eie cases was one of Flexnei infection one of the 
inildest Shiga dysenteiy 

The \erj mildness of the disease explain'^ the fact that the number of 
isolations of the causal organi‘-mb in oui seiie« is low' It appeals that it is 
oiilj in ca'os wheie pain, fe\oi, md ficquency of stools peisist that the 
mdiMdual, alaimcd thcreb\, rejiorts •^ick, perhaps mam days aftei the onset 
of symptoms This is especially true in the case ot the Indian soldiei In 
such cases the po^sibilitj of i-olating the offending oiganisms is remote 

Of the cases diagnosed b\ cytological methods wathout isolation of the 
causal organism, the majority weie tho^^e fiom whom the specimens were 
recened too late in the disease, a piopoition w'ere cases in which specimens 
were sent in stale, with the caudal organism dead oi outgiowm, and a numbei 
were sent in from a distance in the wrong pieservative medium 

In acute ca«es we found tliat a positive laboratory lesult could be 
obtained with ceitamty pioMcled the specimen wms despatched promptly by 
the hospital and icachcd the laboiatory still warm In late cases this was 
not so In both classes of case, could we but have examined every stool 
passed, isolations w'ould have been much more fiecjuent, but unfortunately 
there w’as a tendency for the waid to await the lesult j)om one stool befoie 
flesxiatching another 

We are unable to say at the moment wdiich stiain of B dysentenm 
ifiexner) was the most usual, partly because many of the strains actually 
isolated failed to agglutinate, on fiist being isolated, wuth V, W, X, Y, or Z 
high titre serum, and partly because so many thousands of agglutination tests 
were being cairied out at the tune that the final typing of these had to be 
left In most cases w'e had to be satisfied with agglutination by a polyvalent 
V-W-X-Y-Z serum Absoiption tests were ruled out, at fiist by the absence 
of a smtable centrifuge, and later by lack of time and the very large amount 
of routine work — one day produced seventy-seven feecal specimens, apart from 
anything in the way of urgent blood typing, throat sw'abs and so forth 

The agglutinable strains w'e found to be agglutmable with polyvalent 
serum only after a variable number of sub-culturmgs , but in addition to these 
we collected from various sources «ome twenty-tw'o further stiains which were 
not yet agglutinable at the time the inquiry had to close owing to the transfer 
of one of us overseas 

We are inclined to think that some of our strains are new, but are unable 
to make any defimte statement on the subject, w'hich should form the ooject 
of a fresh inquiry 

B sonne we never encountered as a primary cause of dysentery Once 
only it was isolated in conjunction with B jiexner and then not early in the 
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Xotrs on tJir Di/',rntrilri, of the Machui, Dibhid 

thctc ca-'C'> too weio dv-'Ciiteiu ■. of aojne atmuling uc ueie bound to buppoc 
that at k'Ubt m the tliice ca-ti tn uhicli ‘'Civun tcata were applied, bacillary 
d}aentci\ waa the oiiginal pnrnaiv taUbC ot dibcaae, and that the protozoal 
dysenten whuli we --aw, wa-' gritted on at a later '?tagc, dining which the 
indiMdnalb lonicinecl liappened to lepoit '^ick and tlnia tonic undci observation 
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*2 ca«es shoivocl a using Tgglutmation cuuc against the Flexner group 
t3 cisos .showed a using agghitinntion curio against the Flexner group 

The carrier 
fz) Bacillaiy dysenteiij 

With bacillaiy dysenteiv outnunibei mg amcebic by about five to one, 
the healthy caiiiei might be expected to be found the common reseivon of 
vnus Quite confident that we should find this to be the case we embaiked 
on an investigation of the faeces of those individuals fiom whom the soldier 
might natuially be expected to contiact dysenteiy, namely, the food-handling 
menial seivant Fiom long established custom these people have become indis 
pensable, and then name is legion Cooks, langiis, bhistis, bakeis and the 
one thousand and one minions of the cook house and dining loom and of the 
‘authoiized’ icstaiiiants of Bangaloie and of the otliei Gaiiisoii towns In 
addition to these w^eie those special individuals examined as a loiitme in asso- 
ciation with each case of dysenteiy 

Tliiee fsecal specimens iveie examined befoie each individual was 
employed, and tliiee nioie at six-monthly inteivals One thousand fi'C 
hunched and’ foity-six individuals weie so examined— some foui tliousan 

stools 1 jY 

Six, 01 0 39 pel cent, showed evidence of infection by ope of the clyse 

gioup of bacilli 
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Two of tliese weic case=! of fiank, acute, bacillaiy dysenteiy, the lemainder 
were caiueis, but none was in any way associated wath any case of dysentery 
which came to light 

Wc conclude fioiii the abo\e tint the healthy caiiiei of the dysentery 
gioup of oigiui&nis n comp u itively laic, and considei that, since bacillaiy 
dyscntciy is encountcied by us is so c\tiaoidinaiily mild, the leseivoii of 
MiUb lb the ambulcnt mild case, which never comes undei medical obseiva- 
tion This could not be cliecked, bacteiiologicallv, m the time, fiom the 
excieti III public litiines, beciuse the laboiatoiy was alieady too fully occupied, 
but a latiine group visited daily duimg Apiil, klay and June 1927 frequently 
showed the picsencc of buspicious inutoid stools, sometimes with inacioscopic 
blood 


(n) Amaibic dysenteiy 

With only 16 15 per cent of oui cases found to be amoebic we should have 
expected i coiiespondingly low caiiici late of B histolytica 

Coiqomtlj with the bacteiiological examination of the foiegomg individuals, 
the same foui thousand old specimens w'ere examined micioscopically foi 
evidence of E histolytica infection 

Thiee hundied and tliiit} -nine, oi 21 93 pei cent, show'ed E histolytica 
cysts 

Direct examinations of the faces weie made in double stiength iodine 
solution Specimens ware unfoitunately not ideal foi the examination foi 
cysts, being mainly fiom the soft stool following a saline purge Had we been 
able to inspect the whole specimen oui selves and examine the mucous coat of 
a solid stool, wa are ceitain the numbeis of caiiieis detected would have been 
much higher Workers in Gieat Britain have reported a carrier rate of ten 
per cent or more in permanent residents of that country (Dobell and O’Connor, 
1921) hence wa think oui figuie of 21 93 pei cent much lower than might 
have been expected 

The earner rate of 21 93 per cent seems to us to be a fairly accurate 
estimate of the cyst content of the unsuitable material examined The average 
weekly figure was from eighteen to twenty per cent of positive findings, by 
ordinary direct methods During two months an intensive search was made 
by concentrating the cysts in all specimens and comparing the findings with 
those obtained by direct examination By so doing the findings were increased 
m one week to forty-two per cent, but this high figuie was not maintained, 
and in an average week the positives obtained by concentrating were from 
tw'enty to twenty-five per cent, an increase of two or three per cent, only, over 
the positive findings by the direct method 

Table IV gives the findings m om search for earners of the dysentery 
group of bacilli and of E histolytica 

Table V gives the numbers of cases of dysentery contrasted with the 
percentage of food-handling servants found to be carriers 
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Serologic vL exvmination (5f the serv or patients 
Realizing tliat many of tlie dysentery cases weie veiy mild, and might 
not come undei obseivation until too late foi the causal oiganism to be 
isolated, and that many specimens would be leceived stale, we ananged to 
investigate the agglutinin i espouse in the seia of such cases 

A seiics of si\ tests pei case weie aimed at, and oideis weie issued for 
blood to be withdiawn at foui-day mtcivals, beginning with the fiist day of 
obseivation Fiuthei withdiawals weie made on the fouith, eighth, twelfth, 
sixteenth and twentieth days 

Oxfoid Standaid Cultuies weie used and each seium was put up against 
B iiexnet , — V, W, X, Y and Z stiains — and against B shiga Dieyei's method 
of agglutination was used and the tubes weie lead after fom and a half horns’ 
incubation, and again aftei standing oveinight As mentioned alieady, we 
concluded this peiiod was too shoit an incubation foi stiains of dysentery 
bacilli fleshly isolated, and in the case of Oxfoid Cultuies with patients’ seia 
this also seemed to be tiue, foi occasionally, wdieie lacks weie left in the water 
bath by a mistake fiom eaily morning until late at night, when the laboiatory 
finally clos'ed leadings had moved on veiy appieciably, two, tliiee oi even 
moie tubes Readings fiora such accidentally expended incubations have been 
excluded fiom this lepoit 

In actual piactice it was found impossible to investigate all cases seiolo- 
gically, foi in some cases blood withdiawals weie not indicated In seventeen 
out of the seventy-one cases m which seia was obtained, only one specimen 
pel case was icceived Of these seventeen cases, all agglutinated some oi all 
of the Flexnei stiains but not Shiga It was subsequently discoveied that m 
one of these cases anti-dysenteiic seium had been used 
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Forty-one cases, including nine who had received anti-dysentenc serum, 
showed a steadily rising curve of agglutinin lesponse to some or all of the 
Flexnei stums Shiga was not agglutinated 

Thu teen cases showed no rise whilst under observation, and were lost 
sight of after twenty (bus These cases included four which had had anU- 
dysenteric serum 

Though these numbers arc small, they aie definite indication that the 
common cause of bacillary dysentery in this district is one of the Flexnei group 


Table VI 


Anti-dyscntcnc serum 
administered 

Anti-dysenteric serum 
not administered 

Rising agglutinin response 

9 

38 

Agglutinins present 

1 

16 

No agglutinins present 

4 

9 


The healthy British soldier as a carrier 

With so high a rate of B histolytica carriers amongst food-handling 
menials m Barracks, we were interested to know whether these people were 
a danger to the soldier 

It seemed useless to investigate the carrier rate amongst Indian soldiers 
who might be expected to show a rate comparable with that of the food- 
handleis, hence we examined the first available hundred British soldiers whom 
we could discover to be suitable subjects 

All who showed documentary evidence of any intestinal disordei, as 
evidenced by medical history sheets, weie rejected as unsuitable Such men 
as show'ed no evidence of previous dysentery or diarrhoea, and who, after 
careful questiomng showed no suggestion of having at any time suffered from 
any disorder which might conceivably have been dysentery, were selected, 
including as many as possible of recent arrivals (i e , with less than one year 
in India) 

With some difficulty we secured one hundred suitable subjects and 
examined then faeces The result is shown at Table VII 

Ten per cent might reasonably have been expected to have been harbour- 
ing B histolytica, but we did not expect to find twenty-three per cent cairieis, 
especially as amoebic dysentery has been shown to be of almost negligible 
prevalence 

The cysts weie all measured and foimd to be 8 05 micron This is the 
same small cyst seen in the stools of the Indian food-handlers and on account 
of the low' incidence of amoebic dysentery, we aie inclined to think it must be 
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At the tune when the twenty-one ta-'t-< indndcd ag aintebic (lysenterjM\ere 
being nne-'ligated, it <hd nut occm to ns to nieasuie the tysta found during 
ton\ aleacence Ihia i^, nntoitunate, aa aiich nitaaiiienienta could moat profit 
iibh Inu e been conipaied with thoat niade in the taae ot caineia 
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Tin. VMURL or win utc d\senteii\ 

As an outcome of oiii enciuiry, we aie left mote than ever in the dark as 
to the ical natuic of amcebic dysenteiy and the significance of the piesence of 
cysts m the faaces 

la the EntaincBba histolytica evei the cause of piiinaiy dysenteiy? 
Suiclv tlie main object m life of this piotozoon is to feed and grow 
quietly, in the sub-mucosa of the laige intestine, and fiom that point of 
vantage, steadily to icpioduce its species by the pioduction of cysts The 
last thing it wishes to do is to be swept out of the intestine unencysted, in the 
vegetative and vulneiable state, to peiish almost immediately when exposed 
to the atmosplieie It seems umeasonable that E histolytica should volun- 
taiily pioduce dysenteiy in its host 

It IS a knowm fact that many who haiboui E histolytica pass tinough 
life without evei developing any kind of dysenteiy 

What is more reasonable to suppose than that amcebic dysenteiy is always 
a secondary disoidei, and that it appeals only when a victim of intestinal 
amcebiasis contiacts some bacillary infection of the laige intestine'* What 
again is moie reasonable to suppose than that the most suitable bacteiial 
infection to pioduce the proper conditions foi E histolytica to appear in its 
vegetative stage in the stools is an attack, however mild, of bacillary dysentery, 
wrth its colliquative necrosis of the mucosa of the large intestine and the 
consequent opening of the sites of amcebic infestation “i* 

The bacillary infection passes away, perhaps hardly noticed, as a mild 
diaiihcea, to leave open infected ulcers, extrudrng vegetative amcebae, an 
thus IS developed the syndrome known as amcebre dysentery 

If this IS actually the case, we believe that the small 8 05M cyst geneia } 
found by us is not pathogenic and thus the infrequency of amcebic dysenteiy 

in the (Ustiict is explained 
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SUMMAU\ 

(1) Pioto/oal (amcebic) clyseiiteiy has long been regaided as the chiei 
dj'centcij in the Madias distiict 

(2) In actual fict bacillaiy outnumbers aincebic dysenteiy by about five 
to one at least 

(3) The coininoncst causal oiganism is a bacillus of Flexner type 

(4) Tint bacilhiy dyscntoiy as seen bj' us is mild, but present all the year 
lound 

(5) That healthy caiueis of the dysenteiy group of organisms aie lare 
0 34 per cent 

(6) Iiidiin c niicis of E I»'<tol!/ti(a aie common At least 21 93 pei cent 

(7) The Biitish ^oldici (airies E histolytica at appioxiiiiately the same 

late 

(S) It 1 ^ conceuable tint the E histolytica of this distiict is iion- 
pathogenic 

(9) It is equalK conceuable that animbic dy'senteiy'’ is alway''S secondary 
to bacillary 
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THE FEMALE OF PIILEBOTOMUS NICNIC BANKS, 1919 


M\tob J a SINTON, IMS 
{Malana Suivey of India, Kasauli) 

[Received for pubhcafion, Fcbnniy 15, 1920 ] 

Phlebotomus ntcniQ was described by Banks (1919) from specimens 
collected at Los Banos, Philippine Islands in July 1915 His original descrip- 
tion shoi\s that the species belongs to the ‘nnnutus’ group of this genus and 
it is interesting that the insect is lecorded as biting man, a habit which is not 
usual in the membeis of this group Banks (1919a) states that ‘its bite is 
extieraely seveie, even moie painful than that of most mosquitoes, and the 
iilieal remains itchy foi a day or more’ 

Sinton (1928), in his attempt to clear up the very confused synonymy of 
of the Asiatic species of Phlehotonms, pointed out that consideiable doubt 
existed as to the relationship of this species to P minutus Rondani, P pertur- 
bans de Meijere and P babu Annandale The fact that P nicnic is a vicious 
biter of man made it unlikely that it was identical with P minutus oi P babu, 
but its possible identity with P perturbans fiom the neighbouring island of 
Java could not be neglected It was suggested that when oppoitumty aiose, 
the species should be ledesciibed with special refeience to the moiphology of 
the buccal cavity, phaiynx, spermathecse, etc, on which characters more recent 
research has based the identification of the species of this genus Thanks to 
the kindness of Dr C Manalang of the Philippine Health Service, I have 
obtained one of the paratype females of this species, and the description given 
below was made from an examination of this specimen 

SUMMARX OF ORIGINAL DESCRIPTION 

The salient diagnostic characters in the original desciiption of P mcme 
given by Banks (1919) may be summarized as follows — 

‘Male and female — Gieyish ochiaceous to biownish buff, with slight 
silvery leflections at the ends of some of the squamous hairs which so 
abundantly cover the body Seen by transmitted light head and thorax are 
honey j ellow, abdomen and legs buff ’ ‘ Proboscis one-half length of entire 

( 165 ) 
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'I'lu Ft iitdh oj iMilehotojiiiN nicnic JjtiuLs, 1911) 

head Pilj)i* wuij (n^t ind ■'uond "I'l'iiu'nt-’ siibctiiud, the foiraer curved 
hi-ul, iliiid sii^htK Ionian and thiniiei, loiiith and htth subequal and nearh 
filitoiin, ilie littii bnlbon-' bn-ad Vntuina’ with /iiit "segment cjthiform, 
'LHond ■'pbental, tlmd thua tiim-^ Ictifilh oi loniih ’ ' 'ilxlomen— with semi 
elect iian> i-, lont; i-^ the -(^inent^ and e\enl\ >eatttied o\ei tlie tcrgites and 
"teinitc-' Will”-' — twite Icnt'th ol abdomen, tiieii gieite»t width one-tliird 

then leiiLtth in both ^exe-' Petiole ol ■'Ctond longitudinal equals anterior 
blanch ol folk’ Clenitali'i — li\ pope giuin til male twite lengtli of last abdo 
mind segment, \tnti.d si\lt> flt-'liv, ■’tiaight oi >hghtlj cuitcd, setose along 
‘'itle-' ami at lounded apt\ Ilaipe- a-’} mmetiitall} spatulate and with four 
stout, cuned spines at ajicx Penis sleiulei, loiistiitted befoie apex which n 
obcomcal ’ Both lengtli Male I 073 miiis , temale 2 107 inms Wing length 
IMale 1 41 mm-' female I 71 mm-' Luzon, Laguna, Los BanO' (Chailes S 
Banks ) ’ 

‘T\pc — Male and female No 1S192 in entomological collection, College 
of Agiicultuic, Los BafiO', P I istweial <itlditionaI specimen-^ collected at the 
same time and pLiee aie Libelled a- paiatypcs ’ 

Fklsii disckiimion Ol Phlebotomus menu Bv.nks, 1919 (9) 

The pinned specimen leceived liom Di Manalang was labelled ‘Los 
Banos, P I, 28 -mi- 1915 (C S Banks) ’ and is nppaicntly one of the paia 
types mentioned above The s])cciinen w'as examined in the cUy state and 
then passed tluough caustic potash solution, stained and mounted m balsam 

Appeal ance in the dip state 

The insect w^as of medium size, gieyish biowm in coloui The integument 
of the doisum of the thoiax wms xeiy daik biowm and that of the lest of the 
body yellowish brown The haiis on the thoiax weie golden biowm and the 
pleuiie showed no scales The abdominal bans weie also golden biown and 
those on the doisum weie lecumbent except on the liist segment 

The wings had a bluish-golden ludescence and weie coveied with yellowush 
giey haiis, which appealed infuscated along the maigms of the wung, especially 
anteiioily Theie wmie a few scales at the wing bases The legs looked daik 
giey m some lights, wdiile m otheis they showed silveiy leflections with a 
yellowish tinge The antenme and palps weie yellowish 

As the specimen was 15 yeais old, it is possible that changes in coloiation 
have occuiied fiom that seen m the fiesh state, moie especially in the coloui 
of the integument 


* Palpal segment one of Banks’ desciiption conesponds to segments one and two o 
])rescnt description, segment two is segment thiee, segment three is segment our 
segments foiii and five aie segment five 
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Appeal ancc^ in •stained and mounted specimens 

Tlic measuicmcnts of the diftcicnt pMts of the body are given m the 
attached Tible 

The tot il length of the insect l'^ 2 33 mm , of which the abdomen foims 
Inlf The cicatiiccs on the doisum of the abdomen showed that the insect 
belongs to the ‘ iccumbent-haiicd ’ gioup 

The buccal cavihi (Phte XV, fig 7) shows a '=;mall oval pigmented area 
anil the armitiiie is not well de\olopcd The phanjin (Plate XV, fig 6) is 
not maikcdly dilitcd distilh, its length i'^ almost thiee times its gieatest 
bieadth The phujngeil aimatiue show's piovimalh 10 to 12 long fine teeth, 
and nioie di'«tilh a sciies of tians\eise iidge-i edged with minute shoit teeth 
01 seriations 

The palps (Phte XV, fig 2) hue a foiraula of 1, 2, 3, 4, 5 The 3id 
segineiit u shglitlj shoitei than the 4th, while the 5th is veiy long, being tw'ice 
the length of the lattci As noted bj Banks (1919), the combined lengths of 
segments 1 and 2 equal tint of 3 Newstead’s spines foim a compact mass 
ncai the base of the middle thud ol segment 3 and numbei about 10 to 14 

The antennm (Plate XV, figs 3, 4 and 5) have paired geniculate spines on 
all segments fiom III to XV inclusive These arc compaiatively short and stout 
and rather asymmetricallv placed Segment III is i datively short, being only 
about half the length of segments XII to XVI, but it is slightly longei than 
the combined lengths of segments IV and V 

The loing (Plate XV, fig 1) measuies 1 74 mm in length and is about 
31 tunes as long as bioad The pio\imal foik of the 3rd vein is distinctly 
neaiei the base of the wing than the folk of the 4th a is equal to (3, w'hile o 
13 relatively laige 

The female genitalia — ^The speiraatheca (Plate XV, fig 9) is smooth and 
saiuage-shaped w'lth a naiiow stem, it is neaily three times as long as bioad 
The furca (Plate XV, fig 10) IS like that found in othei membeis of the 
' minutvs ’ gioup The post-genital plate (Plate XV, fig 8) cariies two spines, 
w'lnch unfoitunatelv are broken in this specimen 

Differential diagnosis 

The absence of eiect bans on the doisum of the abdomen and the smooth 
outline of the speiraatheca at once distinguishes this insect from any of the 
erect-haired species 

The moiphologv and the veiy pool development of the buccal and phaiyn- 
geal ai matures differentiate the species fiom the othei members of the 
‘ recumbent-haiied ’ division (Cf the figures given by Sinton, 1927, Patton 
and Hindle, 1928, and Adler and Theodoi, 1927, 1929 ) 

Diffeientml diagnosis of the male 

Banks (1919) states that the distal segment of the supenor clasper bears 
four stout curved apical spines and figuies these 
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The jpical bituation of those spines pievents confusion of this species with 
P zcijhiucus, P malabaiicui,, etc (i e , Gioup 4 of Sinton 1928), but until a 
fullei description on the male is avuhble its difloicntial diagnosis horn 
P mimdu^, P babu, etc (le, Gioup 3 of Sintoii, 1928) will be a mattci of 
considerable difiiciilty 

It 13 deal fiom the above dcsciiptions that Phlcbotomiis nicnic Banks, 
1919, IS 1 distinct species and must therefoic be inclided in the list of Asiatic 
sandflies 
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Phlcbotomus iiicmc Biinks, 1919 ( 9 ) 

Fig 1 Wing 

„ 2 Palp N The spines of Ne\\ stead 
„ 3 Antennal segments XV and XVI 

„ 4 Antennal segments IX and X 

„ 0 Antennal segments III, IV and V 

6 Pliaijmx 

7 Buccal cavity 

8 Post-genital plate 

9 Speiniatheca 
10 Fuica 


7J 







SOME NEW SPECIES AND RECORDS OP PELEBOTOMUS 

PROM AFRICA 


BY 

Major J A SINTON, i m s 
(Malaria Survey of India, Kasauh ) 

tRecened for publication, March 19, 1930] 

Through the kindness, of Colonel S R Chnstopheis, gib, frs, 
Major W F M Loughnan, c , r a m c , and Dr C B Symes, I have leeeived 
a number of specimens of Flilebotoimis fiom diffeient paits of Africa, among 
which several new species have been found While studying these specimens 
it a as found necossaij to scaich hteiatuie for the lecoided distiibution of the 
different African species and as the data may piove helpful to othei workers 
the results are given below 

The African Species of the Genus Phlehotomus 

The following species of Phlehotomus have been lecoided from different 
parts of Africa* — 

1 P papatasn (Scopoli), 1786 

2 P duboscqi Neveu-Lemaire, 1906 

3 P major var peimciosus Newstead, 1911 

4 P roubaudi New'stead, 1913, 1914 { d ) 

5 P ser genii Parrot, 1917 { d ), Fianga, 1918 ( 9 ) 

6 P minutus Rondani, 1843 

7 P minutus var antennatus Newstead, 1912 ( 9 ) , 1920 ( cJ ) 

8 P ajncanus Newstead, 1912 

9 P ingrami Newstead, 1914 (?) 

10 P bedfordi Newstead, 1914 ( ? ) 

11 P similhmus Newstead, 1914 

12 P signatipennis Newstead, 1920 ( 9 ) 

13 P fallax Parrot, 1921 


J, MR 


*See foot-note to Summary 
{ 171 ) 
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.\rir of Plilt*l)<»(uinus fmni Af}irn. 

11 P fiaiioti \illu .Hid 'I’liioiloi, 1927 

15 P sciHitiniplt lui^ Xiw-U id. 1912 ( 9), Miiton, 1923 (d). 

(}i tlic-'i.' nunilui-- I to 5 appe-ir to belong to the crect-liaired 

spceit", uliile nuiuhei-' (> to 1 1 .lu* piohnhh all icouinbent-hnircd species inamh 
ot the nnnulus gioiip ( nioi tuiiati I\ flu tiiiiale'. ol the latter gioup are \en 
diflieult to identii\, e\( ( pt I>\ itu -m" ot "Uch ehaiactei-. as the inoiphologj of 
the buti'il md phai\nm d .uuvitme'', tin -'i)enuathee;e, etc, and in number' 
9 to 13 the-'e ilo not '-(ein to h.i\i been -tudiul in detail Thanks to the uorl 
of Adlei aiul Tiieodoi (192(). 19271 '\e hue \ei\ good descriptions of tbe 
diagnostie (haruteis of 7-* laiait/i/-, P panoti and P a})iLanus In the ca;0 
of P It ■'Cenu \ei\ (oitiin that "(eei.d '.peeies have been included 

undei this name in tiie p.ist it i" es'ential that the tjpe specimens of thb 
species ''hould be ie-e\ainincil to ■'Ce u it i> the same species as that so care 
fulh de'^ciibed b\ \.dlei iiid Theodoi (192G, 1927) fiom Palestine One of the 
paiatape female'' of this ■'jiccic'' fiom Southein Nigeiia mIiicIi \\a3 examined 
bv me seemed identical with the Palestine species, but as the type of this 
species came fiom N E Rhodesia (Now stead, 1912) the identity of the two 
lequues confiimation 

RrcoRDED DisrniBUTioN or Phlebotomus in Africa 
A s fai as can be nscei tamed the following aie the pimcipal lecoids of the 
distnbution of Phlebotomus in Afiica and fiom these it would appeal that 
theie aie mam blanks m oui knowledge of this subject 


(1) Phlebotomus papcitasii 

Algeiia — (Niclot, 1912, Foley and Leduc, 1912, Seigent, Ed, WHi 
New'stead, 1914, Paiiot, 1917, 1918, 1922, 1926, Paiiot and Donatien, 1922, 
1927, etc) Tunisia — (Langcion, 1912, 1921, Newstead, 1914, Chatton and 
Blanc, 1918, Roubaud and Coias-Belcoiu , 1927, Weiss, 1927, Colas-Belcoiir, 
1928) Moiocco — (Delanoe, 1916, Vialatte and Panot, 1921) Fiench Sudan 
—(Roubaud, 1913, Sukley, 1926, 1927) Mauietania— (Picaid, 1909) 

Spanish Guinea — (Pittaluga and de Buen, 1917) Egypt — (New'stead, 1912, 
Willcocks, 1917) Anglo-Egyptian Sudan — (Austen, 1909, Newstead, 1912, 
1914, King, 1911, 1913, 1914, Aichibald, 1923) Italian Somaliland- 
(Franchmi, 1925) 


(2) Phlebotomus duboscqi 

Fiench Sudan — (Neveu-Lemane, 1906, Austen, 1909, Suldey, 1926) 
Mauretania —(Roubaud, 1913) Chad Teiiitoiy — (Le Gac, 1928) Ashanti-' 
(Austen, 1909) Southern Nigeria— (Austen, 1909, Simpson, 1914) bieir 
Leone— (Dalziel and Johnson, 1915) 


(3) Phlebotomus major vai peimciosus 
Algeria— (Seigait, Ed, 1914, Panot, 1917, 1918, 19M, 1926, 
Donatien, 1922, Se.gent, Ed and Tnollet, 1923, Se.gent, Ed, etc, 1925, 
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Tunisn — (Lingeion, 1912, Chatton ind Blanc, 1918, Laiioussc, 1923, Koubaud 
and Colis-Bekoui, 1927, B ci-s 1927, Colas-Bclcom, 1928) Moiocco — 
(Vnlatte and Paiiot, 1921) Sp un-'h Giiinci — (Pittalngi and de Buen, 1917) 

(1) Plilebotomwi > 0 }ihauih 
i\Iauiet\nia — (Nen^tead 1913, 1914) 

(5) Plilcbotomus <{0 genii 

Algeria— (Panot, 1917, 1918, 1921b, 1922, 1926, Seigent, Ed, etc, 1925) 
Tunisia— (Langei on, 1921, Panot, 1921b, Laiiousse, 1923, Roubaiid and 
Cohs-Belcoui, 1927) 'Moiocco — (Vialatte and Panot, 1921) 

(6) Phlcboionut^ minuius * 

Algena — (Panot, 1921fl, 1926, Seigent, Ed, etc, 1925, Adlei and 
Theodor, 1929) Tunisia — (New stead, 1914, Langcion, 1921, Pairot, 1921o) 
French Sudan — (Sulde'v, 1926 1927) Siena Leone — (Alcock, 1912) Anglo- 
Egj’ptian Sudan — (Aichibald, 1923) Italian Somaliland — (Francium, 1925) 

(7) Plilcbotomus minutus vai antennatus 
Noitlicin Ashanti — (New«tead, 1914) Gold Coast — (Newstead, 1912, 
1920, Simpson, 1914) 


(8) Phlebofomns afncannsj 

Algena — (Seigent, Ed, 1914, New'stead, 1914, Panot, 1917, 1918, 1922, 
Parrot and Donatien, 1927, Pons-Leychard, 1926, etc) Tunisia — (Chatton 
and Blanc, 1918, Roubaud and Cola^-Belcoui, 1927) Moiocco — (Vialatte 
and Pairot, 1921) Senegal — (Roubaud, 1913, Pairot, 1921b) Gold Coast — 
(Newstead, 1912, 1920, Simp«on, 1914, Macfie, 1915, Caitei, Ingiam and 
Macfie, 1920) Ivoiy Coast — (Roubaud, 1913, Newstead, 1913, 1914) Chad 
Terntorj — (Le Gac, 1928) Northern Nigena — (New^stead, 1912, Taylor 
1929) Southern Nigena — (New'stead, 1912, 1914) Noithein Ashanti — 
(Newstead, 1914) West Africa — (Summers, 1913) Belgian Congo — 
(Tonnoir, quoted by Lanousse, 1928, Adler and Theodoi, 1929) Anglo- 
Eg\'ptian Sudan — (Newstead, 1912, 1914) Noithein Rhodesia — (Newstead, 
1912, Nea\e, 1912) Njasaland — (New'stead, 1912, 1914, Neave, 1912) 
East Afnca —(Summeis, 1913) Portuguese East Africa — (Newstead, 1914) 
Tanganyika Terntoiy — (Ann Med Rept Tanganyika Teiritoiy, 1921) 
Tiansvaal— (Newstead, 1914, Pairot, 1921b) Mauntius — (Loughnan, 1929) 


*See footnote to Summaiy 

T In many instances it is doubtful whether the species recorded is P viinutus Rondani 
or P africanus Newstead, which was formeilv considered as a vaiieU of P minutus The 
Phlebolomus rondani recoided bv Clapier (1921) from French Equatorial Africa is possibly 
a misprint for P mviutws Rondam 
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A('». of iMiii'buionuH f)om Afnca. 


(0) Phlt botomu', Digraiin 

I\oi \ ('() i-^t 1920) Xoithern Vsluinti — (New stead, 1914) 
Ugaiul.i — ( L.m ou--c , i U2S ) 

tlOj I^hltbotoinus hcdfordi 

Tinns\,’Ml— (XcudtMd, 1914, Patiot, I92I6) 

III) l*hli botom}i'> 

Noithein V-'luinti -I NfU'^tead, 1914) Southern Nigeria — (Newatead, 

1914) 

tl2» Phh botomu^ i>ujmUipcnnis 

Gold Coa^t — (NewNteul, 1920) 

(13) Phk'botoinu:> Jalbn 

Algeiia (Pauot, 1921, 1921«, 1926, Paiiot and Donatien, 1927) 

Tunisia— (Pan ot, 1921, Langeion, 1921) 

(14) Phlcbotoinuiy puuoti 

Algena— (Adlei and Tlieodoi. 1927, 1929) Tunisia— (Colas-Belcour, 
1928) 

(15) Pldebotoinun squamipleiu is 

Anglo-Egyptmn Sudan — (New stead, 1912) Gold Coast— (^) (i^Iacfie, 

1915) 

(16) Phlebotomiis spp 

Algena— (Niclot, 1912, Vialatte, 1916, Piquemal, 1923, Bidault, 1923) 
Uppei Volta — (Legendic, 1927) West and Cential Atnca — (Theobald, 1903, 
Austen, 1909) Southern Nigeiia — (Claik, 1914) Gold Coast— (Newstead, 
1920) Belgian Congo — (Newstead, Dutton and Todd, 1907) Egypt- 
(Pie&sat, 1905, Austen, 1909, Plaitley, 1918) Anglo-Egyptian Sudan — (Balfour, 
1906, 1911, King, 1911) Uganda — (Theobald, 1903) Tanganyika Tenitory 
— (Manteufel, 1912, Moistatt, 1921) Noithein Rhodesia — (Neave, 1911) 

Phleboto7nus in Mauritius 

Thiough the kindness of Majoi W F M Loughuan, mc, kamc, I have 
leceived about 50 specimens of Phlebotomus fiom Mauntius These on exteifl-d 
examination lesembled P a/ncamis but in stained and mounted specimens thei 
weie found to be typical specuiiens of P babu, the common Indian specie' 
The only othei lecoid of Phlebotoinus fioin this island is that of P afncaniis by 
Loughnan (1929) Theie seem to be no lecoids of this genus fiom the ueigh- 
bouimg island of Madagascai, where Legendie (1918) lepoits them as absen 
fiom the town of Tamatave 

Phlebotomxis in Mombasa 

There seem to be no deBnite lecoids of this genus fiom the seaboai 
East Alnca, apait liom those of Phlebotomus spp by Manteufe ( 
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Morstitt ('1921) fiom Dar-c^-sihim A-^ noted abo\c P afneanus is icported 
irom East Vfnea and Aders (lOlS) sijs no Phlebotomus vveio obtained in tbe 
Zanzibar Protectoiatc iiliile Ross (lOlS) makes a similar report for Kenya 
Colon} 

Dr C B S\nios has kindlv sent me a iiumbei of Phlebotomus caught in 
kloiiiba^a during lso\ ember 1929, ind among tlie^e tlieic have been found 
three specie^ ot the rccumbent-haiied gioup oi wliieli two aic apparently new 
of science 

PlILEnOTOMUS SWIESI sp 11 

This new species is deseiibcd iiom 13 Icmales and 3 males collected at 
Mombasa, during No\embci, 1929 I ha\c gieat pleasure m dedicating this 
species to Di C B S\nics, who collected them 

Phlebotomus symem ( 9 ) 

Appearance in Diy State 

A medium-sized Phlebotomus with recumbent dorsal abdominal hairs 
General appearance aorj dark gie\ Integument \cij daik gieyish-biowm, 
except for the sides of the thorax which weie x ellowush-grey Halteres black 
No scales on pleura? Wings with golden iridescence, haiis greyish Abdominal 
haurs golden yellow, sleeklx arranged on dorsum and sides but slightly ruffled 
on X enter Legs, palps and antenn-B varying from light to daik grey according 
to the hght 

Appearance in Stained and Mounted Specimens 

The measurements of the tape and thiee paratxpe females are giv^en in 
Table I, m which the ratios, etc , have been calculated fiom eight specimens 

The total length of the insect is 2 40 — 2 54 mms The abdomen proper 
IS about twice the length of the thorax The form of the cicatncs on the 
dorsum of the abdomen show that it is a recumbent-haired species 

The buccal cavity (Plate XVI, fig 3) rather pear-shaped with the bioad 
end posteriorly The teeth are well developed and number 17 — ^20 The 
lateral ones are wide, while the median ones are much narrower The points 
of the teeth are difficult to see against the dark pigmented area and look conical 
under these conditions, but w'hen dissected out aie found to terminate m long 
thin points (Plate XVI, fig 61 They are arranged in a cuned line with the 
coneaxufy posteriorly, while in some specimens thex seem to extend so far 
laterall} as almost to form a semi-Iune 

The phai ynx (Plate XVI, fig 2) is stout m charactei and not so markedly 
dilated posteriorly as in some other species, its greatest width posteriorly is 
about twice that of the narrower anterior portion and its length is about 
24 times its greatest breadth There is a conspicuous armature w Inch gix^es the 
impression of imbricated scales with serrated ends pointing backwards The 
epipharynx is long and fairly stout The ratio palp over epipharynx is 
3 4 — 3 6 
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\ < tv Spi(ti‘'> (fj }n>»t A})ILU 

I he iiiitdiiKi I IMiitt \\ I, li' 4 ^ I. iiul ,">) p.iiictl j'cnituliite 'pmobouall 
•'eginentb liom III to W uulu^i\( tlu'C au' ot inoikiute length, tho'C on the 
teiniinul '■ininentb uliuoat Uvulmi'j; t!u 'Ududint; aiiicuKition Segment 111 
1-1 iUniObl tWKC tlu leiif^th ot '•(nmnU I\ ainl ii.ill tluit of "Ogiuentb XII 

to X\ I I he end ot "t'^iiient III dot' not tt.ith t.ii the end ot the 
piubo'iei'' The tcimin.il ''ij'iiunt ot tin .inti iin i ib in.nkcdlv elongated 

the /uj//)'. ( Phiti W I, fit; 10) lm\(, i toiniula ot I, 2, t3, 1) 5, and the 
lelatuc lengths of the st}.,nents, as taUtn in S specimens, m 2 9, 7 1, 10, 10, 
21 5 Vei\ constant teatmts stem to he that the combined lengthb ot 'Cgincnt 
I and 2 ecjnal that ot segment ,1, which is il-o ecpial to segment 4 Segment a 
lb itbunllv slighth gieatei than the combined lingtlis of segments 3 and 4 
New stead’s spmes aie suenvted cm the b.isal thud ol segment 3 and number 
18—20 

I he uiii(j (Plate \\1, lig 1) is bioaclK I ineeolate incl about 3 3— 3 o 
tunes as lung a> bioad « is diout 1—} the length of/1 and the latio ? over a 
16 about 0 3 — 0 .) riie jnoMiual link ot the 2ncl eein is distincth proMiual 
to the folk of the 4th 

The huul leg is longoi than the bod\ The leuuu foiiiis about one-fourth 
of the leg and the Ibt taisal segment about one-si\th 

The i>iHnnatlte(a (Plate N\ I, fig 7) is cn.il, giaclu.ilh meiging into a ^cr} 
wide duct /Tvpo A of Adlci cud Theodoi, 1927) Its length is twice its bieadth 
in w'oll displaced specimens and it sometimes shows a few faint tiansverse 
bti nations on its suilace The poU-gontal plate (Pkite XVI, fig 9) usuall) 
caiiies tw'o spines but some specimens show tliicc The Jiueu (Plato XVIj 
fig 8) IS of the usual type 

Plilebotomus symesi ( cf ) 

The appeal anco in diy sj)ecimens was ceiy smulai to that of the female- 
Appeal anec in Stained and iNIoimtcd Specimens 
The mcasui oiuents of the type and two paiatype nicales is given in Table II 
The total length of the insect is about 2 45 — 2 6 mms 
The huccal cavity (Plate XVII, fig 8) has a small but distinct pigmented 
aiea, oval in shape The teeth aie laige and numbei about 12 — 14, lateiall) 
they aie inclined to be lepkicecl by niegulai toothed iidges The phaujia 
(Plate XVII, fig 8) lescmbles that in the female but is moie slendei The 
ainiatiuc in both sexes is veiy smulai but less developed m the male The 
cpiphaiym is slendei and the latio palp ovci epiphaiynx about 3 74 — 3 90 
The antennee (Plate XVII, figs 6 and 7) have single geniculate spmes on 
all segments fiom III to XII inclusive, but unfoitunately m none of the 
specimens w'eio any segments piescnt beyond the lattei one Segment ® 
shoitei than the combined lengths of segments IV and V The tip of e 
pioboscis IS almost level with the distal end of segment IV 

The pulps (Plate XVII, fig 2) have a foimula of 1, 2, (3, 4), 5; 
lelative lengths of the segments of the tlnec specimens is 3 7 10 
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Nc'w&tcad'b bpincb ue •'itualed on Hit babil Iliad of bcgiuent 3 and number 
ibout 1 — 6 

The hind Icij is almost cciual in Itnglii to tlic bodj 

Tlic iLuuj (Plato XVII, by 1) l•^ iclati\ti\ naiiowei and iiioio pointed than 
111 the female, being almost 4 times as long .is bioad The latios of the 
^ uious paits IS nioic or less similai to tlio-t in the female 

The male (jemtaha (Plate XVII, fig 3) aie lathei of the ininutiib typo 
The distal segment of the bupciioi tlaspu bcais 4 spmes, two .vpical and two 
dmost at the junction of the tciminil and middle thud These spmes aie 
stout and luivcd with sp ituUtc ends, then lengths .ue slightly moie than 
three-fouiths that of the segment which cauies them The small deciduous 
spine IS situated very distalh on the segment, being distal to the points of 
oiigin of the large sub-apical spines The intermediate appendages are of the 
usual tjpe of the minutub gioup ind aie about thiee-fouiths the lengths of 
the pioMinal segment of the supeiioi clispei The intiomittent oigan (Plate 
XVII, figs 4 and 5) is well developed and tei inmates in a bluntly lounded end 
with a slit through which the genitil filament w'as piotiuded in two specimens 
but not in the othei The shape of the oigan ie'=emblcs that figuied by Adlei 
and Theodoi (1929) in the male of P minutus The genital filament has an 
obliquely tiuncated point, which is not swollen The pompetta lies eithei in 
the 6th abdominal segment oi is ojiposite the junction betw’een the 6th and 
7tli segments The sub-gemtal lainellce (cerci) are about three-fourths the 
length of the mfeiior clasper 


Table I 

Phlebotomus symesi n sp ( 9 ) 



Structures 

Lengths m 
specimens 


Remarks, relative lengths, etc$ 



1* 

2t 1 

1 

3t 

4t 

> 

Clypeus and head 
Thorax 

0 400 
(r643 

0-400 

0-643 

0-385 
0 643 

0-400 
0 670 


o 

Abdomen proper 

1330 

1214 

1358 

1300 



Superior clasper 
Total length 

0rl70 

2-54 

0-143 

2-40 

0-143 

1 2-53 

(1143 

2-50 

= 1 41 to 1 53 X wmg , 0-87 to 0 92 X leg 


Ldbium 

0-230 

0r235 

(1250 

0-250 

P p 


EpipharjTjx 

0-222 

0-204 

0-222 

0 216 

= 3-0 to 3-08 = 34 to 3-6 

L E 


Pharynx, length 

0190 

0180 

0-180 1 

0180 

1 = 24 to 2-57 X breadth 

: 

Pharynx, breadth 

0 075 

0*072 

1 

0-075 

0 075 


* Type female tParatype females ~ 

J Compiled from the type and 7 paiatype females 
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\<'/r Spall's of (Mih'liolomus fioni Ajiica 


.Struchirr -1 


Scgmi nt III 
Segment IV 
Segment V 

Segment VI 
Segments XII to 
XVI 

Total length 


Segment 1 
Segment 2 
Segment 3 
Segment I 
Segment 5 
Total length 


Length 

Breadth 


a 

y 

l 


9 


V 


Femur 

Tibia 

Tarsus, segment 1 
Tarsus, segments 
2 to 5 
'I’otal length 


Spermatheca, 

length 

Spermatheca, 

breadth 


♦Type female 
$ Compiled from 


'Pvtut I — loinld 


lingtln in mn 

> ol 

1 


numi 

)i r — 


- 


— 


Hduirk-i, relatuc lengths, ctoi 

1 * 

2t 

It 

1 r 


cri7i 

orrgi 

(71S0 

77108 

HI > I\ h V IV = V = VI 

aas7 

(ro.s7 

(7090 

(7090 

1\ - \ h VI < XII to XVI 

Orivs? 

ffas7 

(7090 

0r087 

2 





tntonnal lormula — 

0raS7 

(7as7 

(7090 

f7as7 

III to XV 

nr3f>0 

0-t')0 

(7300 

0-566 

= 1 9 to 22 X Illrd 

1-313 

1 285 

1 130 

1313 

= 75 to <72 X IHrd, 3-6 to 40 X Ml 





to XVIth 

1 

' OWa 

0-030 

0(115 

« 

» 

0-039 

rormnia 1 2 (3, 11, 5 

0-105 

0-102 

0-105 

(7105 

1 -p 2 = 3 = 1 

1 O-loO 

(7135 

0-150 

77117 


0 150 

0-135 

0-150 

17111 


(7315 

(7315 

0-300 

(7318 


(r7C5 

(7726 

(7750 

0753 


1057 

1570 

1657 

1 685 

= 3*31 to 3*55 X breadth, = (7o7 to 





0 62 X IcR 

0-500 

(7157 

(7500 

(7500 

a ft 





— = 050 to (778 — = 1‘15 to l'o8 

0 211 

0-257 

0-250 

(7250 

/3 y 

0-4(10 

0 328 

0385 

(7370 

a 5 





— = 0-75 to 0*90 — = (726 to (753 

0-2S5 

0-285 

0-285 

(7285 

7 “■ 

(r07l 

0128 

(7100 

aii4 

a 6 





— = 057 to (769 ~= 2 10 to 246 

0-343 

(7371 

(7385 

0-100 

e t 

0-830 

(7786 

0-828 

0 483 

Wmg 





— (770 to 0-76 — 1 95 to 2*0 

0'114 

0-085 

(7071 

0-143 

6 9 

0743 

0728 


0-743 

> { leg length , = J tibia 

1000 

0 971 


1000 

>2 X tarsus, segment 2 

0-485 

0-471 


(7470 

= l/6th leg length 

(7628 

0-600 


(7622 


2-85 

2-77 


2-83 

(Not including coxa and trochanter) 

0-069 

0-066 

0*066 

0066 

= 2 X breadth 

0-034 

(7039 

0-012 

0-034 




t Paratype females 


type and 7 paiatj'pe females 


Bodv 


J A Sintou 


179 


Table H 

PlUcbotoimis sijmesi (d). 



Lengths m mms of 
spccimons number — 

Structures 





1 * 

2t 

3t 

Cl> pens and head 

0*370 

(7328 

■ 'T 

ff3-13 

Thorax 

0r513 

0*570 

(7585 

Abdomen proper 

1357 

1357 

12U 

Superior clasper. 

(1310 

0*306 

0*312 

segment 1 



1 

Total length 

258 

2*56 

2-15 1 

1 

1 


Remarks, relative lengths, etc 


1 57 to 1 73 X 'Wing length 



Labium 

Epipharynx 
Phirynx, length 
Pharjnx, breadth 

0*214 

0*180 

0*156 

0*054 

(7211 

0*183 

(7165 

0057 

0214 

0189 

0159 

? 

P P 

= 3*74 to 3 9 = 3*26 to 3*33 

E L 

= 2*9 X breadth 


Segment III 

0*183 


|li|l 

III < IV + V ’ 

fi 

Segment IV 

0102 


111 Cl w 

IV = V = VI 

a 

Segment V 

0 102 


IllU « 

I 


Segment VI 

0*100 


liSfi ifl 

Antennal formula 

< 

Segments XII to 




III to XV(7) 


XVI 






Total length 


H 




Segment 1 

0*042 

0036 

0 042 

Formulv 1, 2 (3, 4), 5 

JIT 

Segment 2 

0*096 

0*096 

OlOO 

1 + 2 = 3 = 4 

A 

Segment 3 

(7138 

0132 

0141 



Segment 4 

0138 

0132 

0141 



Segment 5 

(7300 

0300 

0288 



Total length 

(7714 

0700 

0712 



Length 

Breadth 



1514 

0 400 

1485 

0370 

1570 

0*400 

a 

0214 

0200 

0185 

ft 

0328 

0*314 

0 343 

y 

0285 

0*270 

0285 

i 

0070 

0050 

0043 

f 

0357 

0343 

0320 

6 

0*785 

0750 

0785 

TT 

0114 

0085 

OlOO 


= 3’8 to 40 X bieadth, = O'S? X leg 


— = 0 54 to ff65 


— = 0-65 to 0-75 

y 

a 

— = 0 58 to ffOO 

a+/3 

= 0 67 to 0r70 

e 


— = 1 15 to 1 20 
-= 0 25 to 0r3^ 


y 

2 


a 

e 

— = 2 16 to 2-44 

c 

Wmg 

= 1 96 to 2‘00 

e 


*'Iype male 


t Paratype males 






ISO 


,Sj>i(tts of PhlcholoiiUH fiom Afticu 


r\HLl. ll~(0inl(l 



I ' net ill III iiiiii'i (it 


-pi 1 iiiu II » iiuiiitM r — 

•'3tlUt(urC-e 

; 

1 Ktiiiirk-i, lelatuL lenilIl.^, pin 


1 * 

' 1 

> » » ^ J 

1 " 1 


1 

d 

u 

a 


I'( iniir 

1 ll)l I 

'i Hall-., '( };iiKnt 1 
'I ir-ills, iita 

2 to 5 
Total length 


bupenor ( liiapcr, 
fccgmciit I 
Superior l 1 isiier, 
'•CKinent 2 
Inteuncd itppeml 

Introinittcnt or- 
gan 

Genital fil iiiient 
. Infeiioi clasper 
|Sub-genifal lamella 


0 tvS^j 
(/'KiO 


f/dlO 

a 125 

0-210 

0 182 

0 021 
0 270 
0-201 


(r(i70 

O-U(M) 

(rr)7 

0-570 

2 GO 


0*306 
0-125 
0-213 
0 192 

aooo 

0-270 
0 201 


0-().S'i 

0 957 


0*212 

0-125 

0-210 

0*192 

0-020 

a279 

0*19S 


— I li g l( ngtli , = i tihi I 
= 2 X lar-tw, atgiueuL 1 
= 1/Oth li g length 
(Not intluding com and tiochanler) 


= 2 27 to ‘2*21 X itg 2, 1 12 to 1 14 X uJ 
lI lapcr 


= tr87 to 0*90 X int clasp , 077 (off/OX 
sup cl isp , seg 1 
= 0*76 to 0*79 X intci app 

(length protiudetl) 

= 0*71 to 0*71 X inf tlasper 


■•‘Type male 


tPaiatvne males 


Diffeiential Diagnosis of Phlebotomus symesi sp n 

The raoipholog-s of tlic buccal cavity and phaiyiix and the palpal foimuls 
aie iinpoitant diagnostic chaiactcis in both sexes In the male the situation 
of the spines on the distal segment of the supeiioi claspei and the shape oftlie 
mtiomittent oigan aie also useiul aids in identification 

This species diffcis fiom the othci leciimbent-haiied species lecoided from 
Afiica as follows — 

(a) P ajneanus (Plate XX, figs 10 — 14) has a much moie pointed and 

1 datively nanowei wing, its palpal ioimula is 1, 2, 3, 4, 5, the pigmented 
aiea and aiinatuies ot the buccal cavity and phaiynx have a diffeienfc mor 
phology, the phaiynx is moie dilated posteiioily and the speimatlieca runs 
into a naiiow duct In the male also the mtiomittent oigan is much naiiow^'' 
and ends m a shaipei point (c/ Adlei and Theodoi, 1929) and the non 
deciduous spine is much neaiei the middle of the distal segment of the supeiior 
claspei j 

(b) P minutes and its vaiiety antennatus have a palpal foimula o 
1, 2, 4, 3, 5, the pigmented aiea and the ai matin es of the buccal cavity ant 
phaiynx aie veiy diffeient, and the phaiynx is almost flask-shaped In the nia e 
the spines on the distal segment of the supeiioi claspei aie apical 
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(c) P bunillunuti Ill's i palpal loiinuli of 1, 2, 3, 4, 5, ifc has a much 
loiigci niul antennal se^iiKiit, in (he win*; « is greater than ft , and its 
plmnngeal aimatuit is inueli inoic di-'tmttlv toothed’* 

(d) P bedfoidi his i pilpil foiimili of 1, 2, 3, (4, 5), the pigmented 
iici IS inoic qii uliil iteial and the plunngcal aimatuic is maikedly toothed** 

(c) P siQiiatipcnnib hi'^ nuiow pointed wing^, o is negative, the antennal 
segmentb aie iclatuch shoit, md its buttal and jiliaiyngeal aunatuies more 
neulv icsemble P mimitu'> than P bymet>i^ 

(f) P ingmun ha" two of the foui spiiiCb on the distal segment of the 
suiiciioi cla"pcr situitcd about the middle of the •'Cginent 

(g) P fallax Ins i aciy nanow*, pointed wing and the spines on the distal 
segment of the supeuoi clasper aic all apical 

(A) P pm toll diffeis maikcdlj in the mo^pholog^ of the pigmented aiea 
and the buccal md phaijngcal ai matures, the phaijnx is much more dilated 
poster 101 h 

(it P squamiplcui lb is distinguished bv the scales on the pleuias, the 
narrow pointed wing, the absence of geniculate spines on antennal segment IV, 
the presence of Newstead’s spines on palpal segment 2, the different morpho- 
logj of the buccal cacitv and phaijnx, and the spines on the distal segment of 
the superior claspci are all apical 

The species appears to differ distinctly from any of the species of 
Phlebotomus fiom Africa yet described, and has been named Phlebotomus 
symesi 

B Phlebotomus yus^vei sp n 

The descriptions given below aie based on the study of tw'o female and 
one male specimen collected by Di C B Symes, at Mombasa, East Africa m 
^Wember, 1929 The species is named P yusafi after my laboiatory attendant, 
ilahomed Yusaf, who drew attention to its characteristic features while 
mounting the specimens 


Phlebotomus yusafi ( 9 ) 

These specimens were mixed wuth those of P symesi and the only differ- 
ence distinguishable in the div state was the slightly sinallei size and the fact 
that the integument of the sides of the thorax, instead of appealing yellowush- 
gie\ w'ere rather of a light leddish-biown colour The dorsal abdominal hairs 
W'eic recumbent 

Appearances in Stained and Mounted Specimens 

The measmements and ratios of the type and paiatype females are given 
m Table III 


*The compaiisons liaAe been made -with rough draivmgs made some years ago from 
specimens, chiefly types, which had not been specially mounted to show the buccal and 

phaiyngeal armatures 



1S2 


\{ii Spcdi.s of f’ljlel)uti)nuis ftom Afnca 


I he total Icncfth ot the in-'tet h 2 2 — 2 3 mm-i , being about equal to that 
ot the hind leg The uuin oi the eitatiiLOi on tlie dorsum of the abiloniiDal 
scgiuenti '>ho\s that tlie ''jieeU'. i-^ a lu innbcnt-hancd one 

Die bucial laiitt/ (IMatt .W III, fig o) ha-' a laige dark pigmented area 
‘'haped rathei like a [icg-top uith the point anterioilj The base of the area 
ha-' a '■mall jnojeetion hatkuaid-> Tin teeth are \scll dceelopcd and number 
about 25 'rhc\ aie long and i ompai.iti\el\ narroav , it is difiicnlt to detemrae 
the chaiaitei ol tlieii point- ag.iin-t the daik pigmented area They are 
ananged in a eiir\ed line witii the ionea\itv poitciioilj The cpip/iari/nx is 
-hoitei Ih.in in P the i.itio ji.ilp o\er epi[)haiyn\ is 3 8 

The phmifin (Plate X\ (If, fig (>1 i- about 2 b times as long as bioadand 
its widest pobteiioi poition is not rpiite twice a- wide as the narrowest anterior 
pait Thcic IS no maiked posteiioi dibit. ition oi this stuictine The pliarjTi 
geal ai matin e is \ci\ well deielojicd .ind ton-i-ts of .i scries of long postcnorlj 
diiected spines The -pine- at tlie postciioi pait aie slender and widely 
scatteied, while the moie anteiioi ones, aiising from a rLuk-staincd area, are 
much stoutei and placed \ei\ close togethei The&c arc vci> difficult to draw 
aceuiatcly, but aie so closely placed togethei as to gi\c the armature the 
appeal ance of longitudinal stiiations 

The antennee (Plate XVIII, figs 3 and 4) liate paiied geniculate spine# on 
all segments fiom III to XV incdiisivc Tlicsc spmes aie slender and of 
model ate length, those on the teuninal segments o\ei lapping the ne\t more 
distal aiticulation Segment III is less than twice the length of segment 
wdiich IS about one-foiuth the combined lengths of segments XII to XVI The 
total length of the antenna is raoic than 9 times tliat of segment III and about 
4 times that of segments XII to XVI The teirainal segment is rather small 
and oval, and not so elongated as m P bijmesi 

The palps (Plate XVIII, fig 2) have a foimula of 1, 2, 3, 4, 5 and the 
relative lengths of the segments is 2 2 5 5 7 9 10 19 6 The combined 

lengths of segments 1 and 2 equal that of segment 3, wdiile the 5th is about 
twice the length of the 4th Newstead’s spines aie situated on the basal third 
of segment 3 and aie about 25 in numbei 

The wing (Plate XVIII, fig 1) is about 3 53—3 64 times as long as bio.ad, 
IS about two-thnds the length of /3 and the latio S over a is about 0 3—04 
The pioximal folk of the 2ncl vein is veiy pioximal to the foik of the 4th 
The spei matlieca (Plate XVIII, fig 9) is oval m shape and is about twee 
as long as bioad, it opens into a wucle duct The post-gemtal plate (Plate 
XVIII, fig 7) canies 3 oi 4 spmes The /itica (Plate XVIII, fig 8) has lagge 
angles ’and the innei maigms aie mclmecl to cuive ventially, giving them a 

thickened appearance 

Phlebotomus yusaji ( d ) 

The appearance m the dry state was veiy similai to that of the female 
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Appearance m Stained and ^lounted Specimens 
The ratios and measurcinents of the t^pe specimen aie given m Table IV 
The total length of the insect is about 2 mms , which is appioximately 
equal to that of the hind leg 

The huccal cavity (Plate XIX, fig 5) sho\\s a veiy small, iiiegularly 
lounded pigmented aiea and has about 14 siuall atiophied teeth The •pharynx 
(Plate XIX, fig 5) shows little difieiencc between the bicadths of the anterioi 
and posteiioi portions, the widest put being onl\ about 1 2 times the naiiow- 
est Its length is about 3 times its bicadth The aimatuie is very pooily 
de\ eloped and consists of a few toothed iidges anteiioilv and some lines of 
small teeth postenorK The epiphanjnx is slendei and the latio palp over 
epipharynx about 4 28 

The anteniue (Plate XIX, figs 3 and 4) beai single geniculate spines on 
all segments from III to XV inclusuc These are compaiatively small and 
slender Segment III is less than twice as long as segment IV The total 
length of the antenna is moie than 9 times that of segment III and is about 
4 times that of segments XII to XVI inclusive The distal end of segment III 
IS about level with the distal end of the pioboscis 

The palps (PPte XIX, fig 2) have a foimula of 1, 2, 3, 4, 5 and the 
relative lengths of the segments are 2 3 5 7 8 0 10 20 Segment 5 is twice 
the length of segment 4 Newstead’s spines aie on the pio\imal thud of 
segment 3 and aie about 5 in number 

The ivmg (Plate XIX, fig 1) lesembles that of the female The hind leg 
13 about 1 6 times the length of the wing 

The male genitalia (Plate XIX, fig 6) aie of the minutus type 
The distal segment of the supenoi claspei wdiich is about 3 times as long 
as bioad, bears fom curved spines all apically placed, some of these spines 
are longer than the segment which earned them The small non-deciduous 
spine IS situated slightly distal to the middle of the segment (at about two- 
thuds) The intei mediate appendage is of the usual minutus type but its end 
IS smaller than that seen in P symesi The intiomittent oigan (Plate XIX, 
% 7) IS well developed with a bioad, bluntly lounded end The genital 
filaments are slightly piotiuded The pompetta lies in the 7th abdominal 
segment The sub-genital lamellie (ceici) are more than 4|5th the length of 
the inferioi claspei 

Diffeiential Diagnosis ot~Phlebotomus yusafi sp n 

The shape of the wing, the morphology of the buccal and pharyngeal 
aimatmes, the shape of the pharynx and spermatheca, the palpal foimula and 
the position of the spines on the distal segment of the supenoi clasper, as well 
as the shape of the intiomittent organ aie useful diagnostic chaiacteis in the 
identification of this species 
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Spi’di’^ of f’lilfhofafniN fmm Afura. 


'llu' tlirhi-s fjnm till' 

Afiic I a-' lolluw'. -- 


ifiumlitiit-hancd species rccouled {rom 


\ii) 1 aiiudinis (IM'itcW tii^'. JO — 1 1) lias a nune jiointed and rektnel’, 
iiauower ■v\ini', the piirmeiiti d aifi and ilie hiiiial and pliaijngeal armatures 
•lie dideient, die pli.ii\ii\ i- moii dilatid postenoih, the spcrmatlicca enters 
a nanow dint, and tin* intionuttent oimn is naiiouei and ends m a more 
aoutc point 

ib) P minutiis and Us \aiiet\ mih liite a palpal toiimila of 1, 2, 

4 3, 3, the pi^^nientid 'uea and tlie hnital and jihaivn^cal annatures are 
diHcicnt, while the ph'ii\n\ is wnleh dilated jiosteiioih 

(e) P '.imilhnnt'y h is a miidi lonnei lllid intennal segment, u is greater 
than A- 

(d) P bedjoiih lus a pdpil foiimila of 1, 2. 3, (4, 5) and a different 
buccal and phaniigeal ai matin e 


'l\utn III 

Plilebotoinu^ i/u^aft { 9 ) 


Stnictiiro-s 


CIvpeus and head 
Thonx 

Abdomen piopci 
Supei 101 cl ispot 
Total lenfjth 


Labium 
Epiphniynx 
Phar 3 'n.\, length 
PlnnnA, bicadth 


Segment III 
Segment IV 

Segment V 
Segment VI 
Segments XII to 
XVI 

Total length 


I engths m miiw of 
sjsccimens number — 


Segment 1 
Segment 2 
Segment 3 
Segment 4 
Segment 5 
Total length 


I ♦ 


0357 
0*513 
1243 
0 113 
2*30 


OlSo 
0 171 
0150 
0*057 


0*105 

0*003 

0*066 

0*066 

0*240 

0*957 


0*357 

0 571 

1 113 
0*130 
2*20 


(7207 

0*165 

0*150 

0*057 


0130 

0*081 

0084 

0087 

(7315 

1228 


0 033 

0*033 

(7075 

0078 

0111 

0117 

0*14^1 

0147 

0288 

(7282 

0 651 

(7627 


It itioa, rehtue lengths, etc 


1 46 to 1*56 X "ing, = 0 93 to 1*02 X 
leg 


3 03 to 3*37 


38 


L E 

Length = 2*63 X bieadth 


III < IV + V 

IV + V + VI < XII to XVI 


Antennal formnh- 


2 3 to 2 4 X IHrd 


in to W 


= 9*11 to 937 X Illid, = 4 X 

XVIth — - 


Pilpal founula 1, 2, 3, 4, 5 
X 3ul 

1 + 2 < 3 

= 2 X 4th 


♦Typo female 


tPnatype female 
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T \BLE 111 — concld 


1 

1 

Structure' i 

Itllrsthb III 

‘'Pi t linens 

1* 

mills ot 
nuiiiber — 

1 

Ratios, lelitue lengths, etc 


I ength 

1 157 

1 >1 1 1 

= 3-53 to 3 64 

X breadth, = 0*63 to 


Rre ulth 

or 100 

0 12S 1 

0-65 X leg 



j 


1 

U 

ft 


- 1 

(7207 

0 220 

— = 066 

~= 1-25 to 1 42 


ft 

0-3U 

0-285 

Q 

y 





a 

S 


y ' 

0-220 

0 230 

-=093 to 0-96 

~= 031 to 039 


0 

0 001 

cross 


u 

tt 

s 





e 


£ 

0-343 

0 357 1 

-=060 to 062 

— = 2-OS to 2-16 


6 

0 743 

0 743 

£ 

i 




1 

u 4-/5 

■\Ving 



ffl71 

0 100 1 

=070 

— = 1 96 to 2-04 



1 

1 

i 

d 

e 

i 

Femur 

O-GOO 

1 0 614 

Z.i leg 



Tibia 

0770 

, 0 843 

leg 



Taraiis, 'ogment 1 

0350 

0 37S 

= l/6th leg 



TarsU“! 'egments 

0 535 

0-550 

SI leg 



2 to 5 






Total length 

2-25 

2-3S 




Spermatheca, 

or 042 


= 2 X breadth 



length 






^p er m a t h eca, 

0-021 





breadth 






* Tj pe female T Paratype female 


Table IV 


Phlphotomns yusafi ( d ) 



Structures 

Lengtlvs m 
mms of 
specimen j 

Ratios, relatue lengths, ptc 


Ch-peus and head 

Thorax 



o 

Abdomen proper 

i 1 057 



1 Superior clasper, segment 1 

1 0204 



o 

"J 

ro 

0 

rt- 

j 2-03 

= 1 58 X wing . = 1 0 X hind leg 


Labium 

0170 ! 

P P 


Fpipharsmx 

0141 { 

— 3 54 -f g = 4 28 


Piiarjnx, length 

0135 1 

= 3 X breadth 

— 

Pharjnx, breadth 

0 045 
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^l‘W SpcdCb f>/ PhlcbotonuN /jom Ajnca. 
TvuLh IV — toncld 


Mrutfun -I 


umoiU HI 
5 j Sofjmont IV 
5 bcfiim’iit V 
' Set,inoiit VI 

< ‘ bcKnu'nt-! XII to XVI 
Tot il li’iiKth 


Segment I 
Segment 2 
Segment 3 
ijegmout 1 
Segment 5 
Tot il length 


I « m,fh-< m 
mm-i oi 
■’jit Him n 

(rut 

(.(tM 

<) as_» 
(rosi 

V.'S3 
1 157 


(ram 

0-072 
0 ia'> 
ai.ji 
aibi 
0-603 


Hitio-i, relitno lengths, etc 


III <i\ .-V iv+v+M <xntom 
[V V f. \ I = 2 X III 


= 2-31 X Illrd 

= 0 1 X nir.l, = 1 X Vir to XVIth 


1* ilfi il lurmiil I 1, 2, J, 1, 5 
5- ( X Jnl 

1 + 2 :! 3 
= ‘2 X 1th 



Length 

1 170 

-- 3 8 


Bre uith 

a 357 



u 

VIU 





a _ 

1 

j 

/3 

0-257 

* 

1 

7 

0243 

a _ 

tl 



u 

a 



I 

K 

a 1 

‘ 002 S 

1 

I 

1 


! 

i t 

021 J 

u 4 - B 


1 


e 


e j 

0 014 



TT 

a 086 



Femui 

a 543 

leg 

U} 

o 

Tibia 

0 730 

Si leg 


Tarsus, segment 1 

0*357 


n 

Tarsus, segments 2 to 5 

0500 

Zi leg 

w 

Total length 

i 

1 

213 

(Not ] 


= 3St X breadth, = Q-frl X hind leg 


=: 1 06 - = ffo9 

y 

e 


a20 


-= O-Ca 


u 

t 


trod 


Wmg 


= 24 


2*23 


2 

5 

a 

o 

O 


Superior claspei, segment 1 
Superior clasper, segment 2 
Intermed append 
Intromittent organ 
Genital filament 
Inferior clasper 
jSub-gemtal lamella) 


(7204 

o-osi 

0-IC5 

0*123 

0015 

0171 

0*147 


= 2-52 X seg. 2, = 1 19 X lal 

= 0 96 X tnf claspei , 0 80 X seg 1 
= 074 X mteimed app 
(Length piotruded ) 

= 0-86 X nil clasper 
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(c) P signatipcnms has narrow pointed \Mngs, is negative, the antennal 
segments relatuely short and its buccal and piiaiyngeal armatuies different 

(/) P ingrami has not got 1 apical spines on the distal segment of the 
superior clasper 

iq) P fallax has a very nariow pointed wing, the palpal foimula is 1, 
2, (4, 3), 5, the distal segment of the supeiior claspei is long and narrow 

(h) P parroh differs markedly in the moiphology of its buccal and 
pharjngeal armatuies, the pharynx is much more dilated posteriorly than in 
P yusafi 

(i) P squamiplcnus differs in the same points as given in the differential 
diagnosis of P symesi, except for the apical spines on the superior clasper in 
both species 

(;) P symesi has a different palpal foi inula, the morphology of the pig- 
mented area and the buccal and pharyngeal armatures is different, the spines 
on the superior clasper arc not all apical 

From the above diagnostic features it would appear that P yusafi is a new 
species which differs from those previously desciibed fioin Africa 

C Phlebotomus sp 

The collection from Mombasa is Inch contained P symesi and P yusafi also 
contained two male specimens which, while resembling the lattei species, 
differed from it in several respects — the pharynx showed a marked posterior 
dilatation hke that seen in P ajneanus, the posterioi width being about twice 
that of the narrower anterior portion, the epipharynx was relatively shorter 
and stouter, the ratio palp over epipharynx being nearly 5, the distal segment 
of the superior clasper was about 4 times as long as bioad and the small non- 
deciduous spine arose at about three-quarters the length of the segment 

This species has not been named as it is hoped that later some females 
may be obtained 


Phlebotomus in Sierra Leone 

Alttiough tnere are numerous recoids of Phlebotomus from the neighbour- 
ing colony of Gold Coast, there seem to be few from Sierra Leone Alcock 
(1912) reported P minutus* from this aiea and Dalziel and Johnson (1915) 
records P duboscqi from the Sherbo district on the coast Except for these 
records we have been unable to discover any others 

Colonel S E, Christophers, ciE, frs, ims, has veiy kindly given me 
a specimen of Phlebotomus collected by him at Sierra Leone on 21st September, 


* Alcock (1912) noted two varieties in the specimens received by him from Sierra Leone 

ark specimens with broad wmgs and light specimens with narrow wmgs It seems very 
probable, m the light of more recent knowledge, that these were two different species, the 
ormer may have been P freetownensis and the latter P ajneanus 
J, MB 
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\ti( Spcdt's of fMik'holoimis ftom Afnca 

1928 This m‘'ect ^\as captuicd jn an oinptv ”ra‘-' shelter distant from other 

luhit in liea\ \ jungk ncai a •,tieam on the oiiUkirts of Freetown 

I ^U’ sj)t‘i‘inu*ii u.i'' at fn ■'t con-'Klcital to be a \aiictj of P ujiic(iiius,‘h\xi j 

main jmiiits oi dilltieiKc have been toniul that it Ian been up-jpcl to specific 

lank as P (icvtouncuuf^ , ’ 

I ' r 


, Plilcbotainu^ pti.{ouncni,u\ sp n ( 9- ) 

I he ''peennen vva'i a lait'c u ciimbent-iiancd species and it lias been 
picseivcd 111 ''pnit it was niipo">ible to deteiinine any colour peculiarities 


Vppcaiances ni Stained and Mounted Speennen 

The incasuicmentN, iatio->, etc , of the tv pc ^jiecnnen are given in Table V, 
in winch aie ako given -'imilai details of a bpeennen of P afiuanus from 
Palc'=:tnie foi coinpuiison ’ ‘ 

I ii 

The to/al length of the insect is about 2 7 mins, which is also about the 
length of the Innd.Icg 

File buccal caviti/ ('Plate XX, fig 7) lias a tinacliatc pigmented arei 
with thickened lateial aims, which '^how' loundod ends, while the median or 
antouoi one n pointed The ai matin c consists of a lino of nanow parallel 
teeth about GO in numbci aiiangcd in a' curv'^ecl line w'ltH ’Tlie cobcanh 
posteiioih' ’ *’ - ' ' 

The 'pliaujm (Plate XX, fig 8) is flask-shaped^ tfio wudest posterior 
poition being about 2\ times as bioad as the naiiovv^ anteuor'paib, tiie length 
13 neailv 3 times the gieatoi bicadth The aimatmc consists of lows of ven 
mimeious fine teeth, the bases of winch aie distinctly sepaiated fiom each 
othci , at the widest pait theie aie about 20 spines m a tiansvmise low^ The 
epiphaiym is short and stout, the latio palp ov'-er epipliaiynk is neaily 5 

The antennee (Plate XX, figs 3 and 4) liav^e paned geniculate spines- oo 
all segments from III to XV inclusiv^e, these spines are shoit and stout 
Segment III is equal m length to that of TV and V together and much more 
than half that of segments XII to XVI inclusive, w^hich aie about equal to the 
combined lengths of segments IV, V and VI The^teiminal segment of the 
antenna is of medium length The total length is abchik','7 tunes tliat of 
segment III The end of segment III does not leach the end of the piobosci-j 
which IS a little shoit of the end of segment IV ' ^ 

The valV (Plate XX, fig 2) has a foimula of 1, 2, 3, 4, 5mnd theielatne 
lengths of the segments is 2 5 6 9 10 20 3 The .combined lengths o 
segments 1 and 2 is much less than tha^of 3 __Newstead’s spines aie situaw. 
bh the basarthiid of segment 3 and aie veiy numerous ^ ^ 

The mng (Plate XX, fig 1) is bioadly lanceolate and about 3 ^ ‘ ’ 

long as blond The latio « ovei /3 slig)itly gieatjei than 1, while 

a IS 0 54 
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The spcimnUicca (Phto XX, fig 9) i' an elongated o\al, the length being 
twice the bicndth It ends in i niiiow duet (Type B of \dlei and Theodor, 
1927) Tile iniiei inugin" of the funa (Plitc XX, fig 6) aie thickened 


TvnLC V 

Phlebotomu'^ (icctoiLneiiiiis (9) 



Structures 

I ongths in ninib of ^ 
spccimeU'j number — 

Ritios, relative lengths, etet 



1* 

2t 


o 

Chpous and head 
Thoruv 

tbdomcn proper 
Superior clasper, 
segment 1 

Total length 

0-371 i 

0-657 

1530 

0-113 

2-7 

0-313 

0 570 

0-885 

OlOO 

19 

=13 (117)Xwing length, 102 (OSl)Xleg 


Labium 

Epiph irjmx 
Phanns., length 
Pharynx, breadth 

1 

0-214 i 

0T65 

0-163 , 

0-057 ' 

i 

1 

0170 

0123 

0126 

0045 

^ = 39 (3-15) = 504 (436) 

= 284 (2 8) X breadth 


i Segment III 

0 192 

0135 

III = TV + V (III <IV + V) 


Segment TV 

0 093 

0072 

I\ -V V + VI <XtI to XVI 

s; 

Segment V 
Segment VI 

0 096 
0-096 

0-075 

0075 

2 

Vntennal formula 

C 

<: 

Segments XII to 
XVI 

0*297 

, 0240 

ni to XV 


Total length 

1357 

1050 

1 

1 

= 7*06 (7 8) X Illrd, =4 55 (4 40) X XII 
to XVIth 


Segment 1 

0-036 

0 030 

Formula 1, 2, 3, 4, 5 


Segment 2 

0100 

0066 

1+2 <<3(1+2<3) 

-5* 

Segment 3 

0160 

0105 

r— 1 

Segment 4 

0:177 

0111 



1 Segment 5 

0-360 

0225 

= 2 X 4th 


‘ Total length 

0-838 

0537 


*Type of P freetownensi^s (?') 

I P ajneanus from Palestine for comparison 
t The ratios of P afneanus are gnen in brackets 



Hind leg Wing 


XiH Sprtii’s n} l*liK‘l)<)tonius fiom Afiica 
Tmiu y~(oiulil 


I t 

1 1 nuliw 111 iiiiiH (It I 

"Ix ( mu n< mimlx r — < 


Mrm tun x 


Hitm-' ri’Lituo length', etc t 


I ( iigth 
llrt idtli 


I Gl I J70 ( 1 Ji) X Ijrc'ultli . = 07 X leg 
lnv^0 


= 1'0<> (0 10) 


ii = 1 _>5 (ffC3) 

y 

iL = 072 (OrjO) 


J? = 117 (137) 

y 

i =(754 (OW 

a 


= 072 (0 GO) ~ = 1'92 
0 p 


Fcnuii 

Tibia 

Taisiib, "Ogmont I 
Tarsus, '.ogincnts 
2 to 5 

Total length 


> 1 leg 

= J leg, = (>) 2 X seg 1 


(Xot mtliKliiig cow and troch inter) 


S p e 1 ni a t li cca, 
length 

S p e 1 nn t h oca 
I bieadth 


2 X brcidth 


*Type of P freciowneiMS (?) 
fP ajiicanus from Palestine for comparison 
$The latios of P afneanus are given m brackets 

Diffeiential Diagnosis of P jieetowmnm n (9). 

The moiphology of the buccal cavity and phaiynx diffei maikedly fronj 
those desciibed m any othei Afiican species except P afncaniis, fiom 

it diffeis in the following featuies — 

P afneanus (Plate XX, figs 10—14) is a much smallei insect in eve > 

respect, the pigmented aiea has not such a maiked concavity I 

buccal teeth me only about 40 in numbei, the spines on the 
m mature me Imgei and feuei and the tiansveise tenne 

teeth, the latio palp over epiphaiynx is smaller, the total length o 
IS nemly 8 times segment III and the lattei segment is ei ^ ^ 
bined lengths of IV and V, the relative lengths of the the 

2 6 5 9 9 1 19 19) segments 1 and 2 of the palp aie lelatn y 
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vsing IS n-mou and pointed, its length being inoie than 4 times its breadth, 
a IS only about half the length of /3 and e is very small 

The only othei species likelj to be confused with this is P sinnlhmus, but 
the lattei has a much lougei Illid antennal ‘’egmont, which foims about 
one-M\th of the tot il length of the antenna, and the pioximal foik of the 
2nd wing vein is ibout lc\cl with the foik of the 4th 

The insect would tiiciefoie appeal to belong to a new' species which has 
been named Phlehotomris frcctoimcnsis 

SUMMAKI 

(1) The chief recoids of the dibtubution of Phlebotomus in Afiica have 
been summaiized 

(2) Two new species, P si/wicsi and P yusafi, hive been desciibed flora 
East Afnca, and one neiv species, P jrcetowneusi's, from Sierra Leone* 
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Explanation of Plate XVI 
Phlehotonms symesi ( 5? ) 

Fig 1 Wing 
„ 2 Phaiynx 
n 3 Buccal cavity 

„ 4 Antennal segments XIV, XV and XVI 

„ 5 Antennal segments III and IV 

„ G Some teeth of buccal aimatuie showing their points 

„ 7 Speimatheca 

„ 8 Fuica 

„ 9 Post-gemtal plate 

„ 10 Palp showing position of Newstead’s spines 



Plvil XVI 




PlA'lP XVII 


E\planation of Plate XVII 
Phlebotomus symesi ( cf ) 

Fig 1 Wing 

„ 2 Palp showing position of Newstead’s spines 
„ 3 Male genitaha 

„ 4 Intermediate appendage and mtromittent organ viewed from above 
„ 5 Intermediate appendage and mtromittent organ seen from side 
, G Antennal segments XI and XII 
„ 7 Antennal segments III and IV 
8 Pharynx and buccal cavity 



Em'IAXATION 01 Pi ML WUl 
PhlQbotomui> yusafi ( 2 ) 

Fig 1 Wmg 

„ 2 Palp showing position of New&lcurs spines 
„ 3 Antennal segments XII — XVI 
„ 4 Antennal segments III and IV 
„ 5 Buccal cavity 
„ 6 Phaiynx 
„ 7 Post-genital plate 
„ 8 Fuica 
„ 9 Speimatheca 







Em’Lan \iioN' ot Pl\te XIX 

Phlcbotomns ynsafi ( d ) 

Pig 1 ^Ylng 

„ 2 Palp fellow ing position of New stead’s spines 
„ 3 Antennal segments XII — ^XVI 
„ i Antennal segments III and IV 
„ 5 Buccal cavity and pliaiynx 
„ 6 Alale genitalia 

„ 7 Lateral view' of intiomittent oigan showing piotiuded genital filaments 



Explanation of Plvte XX 

Phlebotomus fieetownensis ( 9 ) and Phlebotomus ajiicanus ( 9 ) 


Fig 

j; 

)? 

V 

}) 

}} 

3J 

73 

33 
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Antennal segments XII — ^XVI of P fi eetoivnensis 

Antennal segments III and IV of P fi eetownensis 

Post-genital plate of P fi eetownensis 

Fuica of P ji eetownensis 

Buccal cavity of P eetownensis 

Pliaiynx of P ji eetownensis 

Speimatheca of P ji eetownensis 

Antennal segments III and IV of P afncanus fiom Palestine 

Buccal cavity of P afncanus 

Phaiynx of P afncanus 

Wing of P afncanus 

Palp of P afncanus 
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NOTES ON SOME INDIAN SPECIES OP THE GENUS 

PELEBOTOMUS 

Part XXV 

PlILEBOTOMUS MAYNEI N sp 


BY 

jMajor J a SINTON, I M s 
{Malaria Survey of India, Knsauli ) 

[Received for publication, February 10, 19301 

A NuvfBER of specimens of P squamipleuns Newstead, which had been 
attracted by light, were captured on 28th July, 1927, in a loom at Saharanpore 
in the United Provnnces When these had been mounted, one male of a 
hitherto undescnbed species of sandfly was discovered among them As 
the species was only recognized after staining and mounting in balsam, no 
description of the insect m the ficsh state can be given The numerous 
cicatrices on the dorsum of the abdominal segments, however, show that it 
belongs to the ‘ erect-haiied ’ group of the genus Phlebotomus 

Phlebotomus maynei n sp ( rf ) 

The attached Table gives the measuiements and lelative lengths of the 
different parts of the specimen * 

The insect is of medium size, being about 2 33 mm m length The 
abdomen propei forms about half the total length 

The Phanjnx (Plate XXI, fig 3) is thiee times as long as broad The 
armatuie is composed of a series of oblique ridges radiating from the middle 


* Although the elaborate tables of measurements originally proposed by Franga and 
Parrot (1920) have been replaced to a great extent by simpler and more accurate means for 
the diagnosis of the species of this genus, yet it seems to me that, m the case of descriptions 
of new species at least, such measurements should always form part of the permanent record 
of the species, to eliminate as far as possible any doubt as to the insect described, even if the 
type specimen is lost m the future (Smton, 1929) 
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Notes OH Some Indian Species of Plilebotomus 


line and ending in loops lateiallj’’ No pigmented aiea is piesent and the 
buccal cavity is unainied, except foi tlie few small scatteied teeth usually seen 
m membeis of this gioup of Plilebotomus 

The Antennce (Plate XXI, figs 4, 5, 6) have vciy long paiied geniculate 
spines on all segments fiom the Illid to XVth inclusive These spines on the 
raoie ■pioximal segments tend to be asy mmcti ical and then ends suipass the next 
intei -segmental junction The Illid segment is longei than the combined 
lengths of segments IV and V but is ‘=:hoitei than that of segments XII to 
XVI 

The Palps (Plate XXI, fig 2) aie chaiacteiized by a veiy shoit 4th 
segment, which is only half as long as the combined lengths of segments 1 and 
2 Newstead's spines aie about 12-13 in numbci and scatteied along the 
middle thud of segment 3 

The Wings (Plate XXI, fig 1) lesemble those of P aujentipes, but the 
oiigin of the 3id vein is much closei to the teimmation of the subcostal vein 
than in that species [cj Sinton, 1923, Smton, 1925) 

The Hind Leg has a femm equal m length to that of taisal segments 2 
to 5, foiming about l/5th the total length of the leg 

The Male Genitalia (Plate XXI, fig 7) aie veiy chaiacteiistic The 
distal segment of the supeiioi claspci (Plate XXI, figs 8, 9) is lathei pyiifoim 
m shape and lesembles that of P seigenti vai alexamhi [P seigenti vai 
Newstead, 1921) It cauics 4 spines — one teimmal aiismg fiom a longish 
piocess and one subteiinmal aiismg fiom a shoitei tubeicle These spines 
aie both veiy stout with spatulato ends and measuie about 84 /< in length 
The othei two spines take oiigin fiom two low tiibeicles situated on the innei 
side of the segment neai the junction of its middle and pioximal thuds These 
spines aie much raoie slendei than the distal ones and measuie about 90 ji 
m length The pioximal segment of this claspei is long and slendei and 
caiiies an oval collection of long bans on the mnei side at the junction of the 
pioximal and middle thuds, lesembling those seen m P majoi and P chinensis 
Theie is no tuft of bans aijsing fiom a tubeicle at the base of the segment, as 
in P sergenti and its x^aiieties 

The mtei mediate appendage (Plate XXI, fig 10) is tiilobed and closely 
lesembles that of P aigentvpes, except that the small vential lobe earned two 
long cuived spines, not foui shoit ones (c/ Sinton, 1923, Sinton, 1925) As in 
P aigentvpes and P newsteadi, two long stout spines aiise at the junction of 
this appendage with the intiomittent oigan and lun backwaid on eithei side 
of the lattei stiucture 

The intiomittent oigan is well developed with an oval bifid end The 
genital filaments aie not piotiuded No specially chai acteristic featuies weie 
noted in the moiphology of the infeiioi claspei and subgenital lamellse The 
pompetta lies in the abdomen opposite the junction of the 4th and 5th 
segments 
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T\cll 

Phlobofo/inn niaijnct n sp ( ) 
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Notes on Some Indian Species of Phlebotomiis 


Identity oj the Specinien 

The male genitalia of this species is absolutely distinct fiom that of any 
of the other species of Phlebotomus desciibed up to the present It is evidently 
a new species which I have great pleasuie in naming Phlebotomus maynei 
aftei my colleague, Dr Bruce Mayne, m whose looms it was captuied 


Diagnostic Chaiacte)s 

In flesh specimens the veiy shoit 4th palpal segment diffeientiates this 
species fiom the othei laige membeis of the ‘ eiect-haiied ’ gioup, except 
P aigentipes, from which it can be distinguished by the fact that the teimma- 
tion of the subcostal vein of the wing appioximates the oiigin of the 3id vein 
and IS not widely sepaiated fiom it as in P aigentipes 

In mounted specimens, m addition to the above features, the species is 
easily diffei entiated by its characteristic male genitalia, which aie best 
described as lesemblmg those of P argentipes, except that the distal segment 
of the supeiioi claspei is like that of P se^genti vai alexandii The phaiyn- 
geal aimatme also distinguishes it fiom the othei membeis of the ‘ eiect- 
haiied ’ group (c/ Sinton and Baiiaud, 1928) 
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Explvvvtiov op Plvte XXI 
Phlcbotomit‘i maynei ( d ) 

Pig 1 M ing 

„ 2 Palp ‘ X ’ — Newstead’s spines 
„ 3 Pharjn\ slio\\ing aunatuie 
„ 4 Segments XIV to X^T of antenna 
, 5 Segment ■\r[I of antenna 

>, 0 Segment III of antenna 

), 7 Male genitalia ‘S,’ superior clasper, ‘I,’ inferioi: clasper, ‘SG,’ 
subgenital lamellae, ‘ lA,’ intermediate appendage, ‘10,’ intioimt- 
tent organ, ‘ SP,’ spines 
„ 8 Distal segment of superioi clasper 

„ 9 Distal segment of superioi clasper, after removal of spines 
» 10 Intermediate appendage and intromittent organ 
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A FIELD METHOD FOR THE ESTIMATION OF THE 
SALINITY OF THE WATER IN MOSQUITO-BREEDINO 

PLACES 


BY 


M\tor J V SINTON, ims, 

AND 

N D KEHAR, m sc 
(Malm la Sui vey of Imha, Kosavh ) 


[Recct\cd for publication, Fobnnrv 18, 1930] 


The bionomics of mosquitoes form such an impoitanfc factor in anti- 
nialaiial ^ork that it is e^'ential that all infoimation on the subject should 
be as accurate as possible consistent with piacticabihty In reports on the 
presence oi absence of mosquito laivse m ceitain collections of Mater one 
often comes across such vague desciiptive teiins as ‘biackish,’ ‘salty,’ 
‘veiy saline,’ etc These terms are really matters of personal opinion and 
give no accurate information for compaiative purposes The absence of more 
precise information seems mainly due to the difficulties involved in Dairying 
back large numbers of water samples to the laboratoiy for analysis If the 
estimations of salinitj could be made on the spot by some simple and compact 
apparatus, such objection^; Mould be eliminated and aaluable information 
would be obtained, mIiicIi Mould be comparable in all instances 

The method desciibed beloM-^ was devised to overcome this difficulty 
The apparatus needed can easily be prepared in most laboratories and occupies 
very little space in the field equipment 

Apparatm and Matenals 

The following apparatus is needed —(a) A special tube made from a 
10 cc graduated pipette, (b) two standard solutions of silver nitrate and 
(c) a solution of potassium chi ornate 
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Sahmti/ of Watei %n Mo<icpnfo-Bi eodiug Places 


(a) The special tube {see Te\t-figiuc) i=i piepaied fiom a 10 e c dehveiy 
pipette graduated in 1/lOth c cs The method of piepaiation is as follows — 
The delivery point A of the pipette is cut off at B with a file oi glass- 
knife The other end of the pipette is then closed at C by cutting off the 
niouth-piece D wuth the flame of a blow-pipe and sealing it at the same time 
When the tube has cooled, alcohol is poured into it up to the zeio graduation 
and the amount taken is ineasuieil If this is not an exact number of cubic 
centimetres, the alcohol is poured off and, aftci thoroughly drying the tube, 
the end C is again heated in the flame to dcciease its size until the ungiaduated 
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Text-figui e 


portion of the tube holds an exact niimbei of cubic centnneties of fluid In 
the pipettes ii^^ed bv us the amount is 4 c c , as this is almost exactl} the 
quantity contained after the month-piece is sealed oft A permanent maik is 
also made on the ungiaduated poition at the 2 cc point 

(6) Standaid solutions of ^iluei mtiate are prepared of such a stiength 
that in the weakei solution 1 c c is capable of precipitating exactly 2 mg of 
chlorine, while in the stiongei solution 1 cc will precipitate 10 mg of 
chloiine The weakei solution is made by dissolving 9 58 guns of pure 
reciystalhzed silvei nitrate in distilled water and making the solution up to 
a litie, the stiongei solution contains 47 9 gims to the litie These solutions 
aie kept in blown coloured bottles 

(c) A satin at ed solution of potassium ch ornate is prepared in distilled 
water 

Technique 

This IS the oidinaiy water-analysis technique for the estimation of 
chloiides in water, in which potassium chi ornate is placed in the water sample 
as an indicator, and wdien silver nitrate is added no peiraanent change of the 
yellow coloui takes place until all the chloime piesent has been changed to 
silvei chloride, after vhich the uncombined silver unites with the chi ornate 
to form its silver salt which gues a permanent reddish coloration The 
method heie described can be used either in the field oi the laboratory and 
only requires a few minutes to cany out 

In the field one carries the special tube, two blown di op-bottles holding 
100 cc 01 moie of each of the silvei solutions and a small diop-bottle of the 
chi ornate solution When a sample of water is to be tested, the tube is 
wmshed out with the water and then filled exactly to the zero mark Two 
drops 01 so of the chi ornate solution aie mixed with the watei and the silver 
nitrate solution caiefully added a few diops at a time, the tube being well 
shaken after each addition This pioceduie is continued until the yellow 
colour just disappears and a peimanent faint led coloration remains The 
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amount of sihei solution used is then lead oft the giaduations of the tube 
to the neaicst 1/lQth cc 

If the iieak sihei solution is used the paits of chloune pei 100,000 aie 
calculated as follows — 

— X ^ = puts of chloiine pei 100,000, w'hile if the stionger solution 
IS used the foiinula will be — 

— X ^ — paits pel 100,000, when ‘a’ is the nunibei of c cs of water 

Ur X 

tested and ‘ b ’ is the nunibei of ccs mKci solution used 

If it IS desiicd to give the lesult as potential sodium chloude the paits 
of chloune arc multiplied bv 1 65 

The pioportion of thloiinc in diffeient wateis may \aiy fioni almost none 
111 lam or peat\ wateis up to 2,000 paits pei 100,000 in sea-watei, oi even 
moie in salt-water pools which ha\e been concentiated by the sun 

If the ungiaduated poition of the tube contains 4 cc w'atei, each 
giaduation on the tube equals 5 paits of chlorine pei 100,000, if the w'eak silver 
solution IS used Theie is thus a lange fiom 5 to 500 paits pei 100,000, and 
if a lower langc is requiied 8 or eren 12 cc of w'atei may be placed in the 
tube This range should meet most leciiuiements in inland w'ateis but if one 
is w'orking neai the seashoie the stiongei silvei solution may be required 
This solution has a lange fiom 25 to 2,500 paits pei 100,000 in steps of 
25 parts, if 4 e c of watei is used, wdiile if only 2 cc aie taken the lange is 
from 500 to 5,000 in steps of 50 parts 




SOME ASPECTS OP THE BEHAVIOUR OP CINCHONA 
^VLKALOIDS TOWARDS LIVING CELLS * 


N D KEH\Il, MSC, res, 

Malcnia Siuvey of India, Kasauh 

[Tlccciscd {or pubhcaUoa, March 20, 1930] 

&INCF the time of Gialum, in the middle of the last centiuy, the penetia- 
tion of electrolytes into gels has been studied by many ivorkeis, while m more 
recent jeais Von Fmth and Bubanoue (1918) and Stiles (1919) have specially 
mve'tigated this subject The teclmique used by the lattei workeis was similar 
to that cmplojed by Lodge (1886) foi compaiing the mobilities of ions The 
chief featuie in this method is that the diffusion of the electrolyte into the gel 
is estimated by means of an indicatoi mixed with the gel substance 

Although the penetiation of many substances has been studied by diffeicnt 
vorlceis, yet no reseaich seems to ha\c been lecoided on the penetration and 
behavioui of anj of the cinchona alkaloids in colloidal systems and living cells 
in the piesence of diffeient electiolytes Such an investigation might shed 
light on the mode of action of these drugs which play a veiy important pait 
in the treatment of malaiia 

The piesent leseaich was undei taken to imestigate some of the pliysico- 
chemical factois influencing the diffusion and peimeabihty in colloidal systems 
and in certain plant cells, when one of the quinine salts is brought in contact 
with them And also to find out whethei the presence of some of those 
electiolytes, wdiich constitute an impoitant pait of the inoiganic salts of the 
body fluids and blood plasma, have any marked effect on the above phenomena 

The cell contents and othei body fluids have all been proved to be colloidal 
in natuie by Czapek (1911) and Stiles (1920), and as gelatin and agai-agar 
aie typical colloids (Svedbeig, 1924), these gels hare been selected for the 
present investigation on the supposition that the phenomena occuuing in them 
w'lll be common to all colloidal systems These phenomena might reasonably 
be expected to apply to body cells and tissues also, and thus help in elucidating 
the mechanism of diffusion and permeability of ceitam substances m the 
living cells 

♦A paper read before the Medical Section, Indian Science Congress 1930 

( 20d ) 



204 Behaviou) of Cinchona Allaloids towaids Cells 

Fiom the point of new of Physical Chemistiy, the cell contents consist 
of a collection of colloids, ciystalloids, electiohtes and non-electiolytes dis- 
sohed 01 suspended in x\ater> in lipoids oi in each othei The outei siuface 
leseinbles a thin seini-pcimeable film, the pla^snia inenibiane, ^\hlch functions 
as a piotective and a selective la>ei, and uliich accoiding to Chambeis (1915) 
IS responsible for the seini-peimeable piopeities of the piotoplasm We may 
legal d it as a delicate difiusion inenibiano, situated at the suiface of the cell, 
allowing a ready passage of watei, but offeiing a vaijing amount of lesistance 
to the passage of vaiious ciystallouls and colloids, the degiee of impeiraeabihty 
being dependent on a nuinbei of phv'^ico-chemical factois The innei poitions 
of the cell vould appeal to consist of a mass of well-developed heteiogenous 
colloidal emulsions 

Evpeiiinents on dead cells cannot be of much helii, becaute when a cell 
dies, it passes fiom a state of emulsoid sol into one of emulsoid gel, theieby 
changing in its chai actor and leactions Bc&ides this, othci piofound stiuctuial 
changes occui in the piotoplasm, with lespect to coagulation, plu&ical consis- 
tencv, and tensile ^tiength One of the most lemaikable difteiences betw'een 
a dead and a living cell is that the liciuid of the foimei mixes freely with the 
suiiounding watei y solutions, while the contents of the lattei do not behave 
in this mannei It nuu be, that the compounds w’hicli dm mg life aie kept 
apait by baiiieis of some kind become free to inteiact when the piotoplasmic 
stiucture alteis at death The multmucleated living cells of China (Charac®), 
a watei alga, weie selected foi these expeiiments, because these cells form a 
veiy suitable object for the study of piotoplasmic changes in life and death 

I Pexbtrxtion 
1 Technique 

(a) Piepaiation of gels — The colloidal systems selected foi studying the 
penetiation of quinine salts weie gelatin and agai gels The gelatin gels w'ere 
piepaied by allowing a 10 pei cent emulsion of Meick’s puie biand of gelatine 
to cool and set, and agai gels b\ dissolving 2 pei cent of iNIeick's powdeied 
agai in distilled w'atei at about 80°C The iinpuiities in both instances w'ere 
remo^ed by sedimentation as follows — Aftei melting, the whole mass w'as put 
in a sepal ating funnel wuth the stop-cock closed, and kept in an autoclave foi 
a few' houis at 80°C When all the impuiities have settled dowm, the funnel 
IS lemoved fiom the autoclave, and the stop-cock opened to allow' the sedi- 
mented impuiities to lun off When they have been lemoved the stop-cock is 
closed and the contents stoied in a flask undei steiile conditions 

(b) Electiolytes used — The follow'ing electiolytes weie tested with legard 
to then effects in letaidmg oi accelei ating the diffusion of the alkaloid — 

Sodium caibonate, sodium bicaibonate, sodium hy dioxide, hydrochloric 
acid, sulphuiic acid, nitiic acid, foimic acid, acetic acid, piopionic acid, oxahc 
acid, malonic acid, succinic acid, citiic acid, sodium nitiate, potassium nitrate, 
baiium nitiate, glucose, sodium phosphate and sodium citiate 
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These chemicals wcic used m N/10 molar solutions and piepaied from 
Merck’s pine products m twice distilled water fioin a lesistant glass 
Colton plugs were used in place of cork or rubbei stoppers in the distilling 
apparatus The first and the last pmt^ of the distillate w'ere discarded 

(c) Cinchona alkaloid— The salts selected foi this investigation were 
the bihjdroehloride and the bisulphate of quinine, both of w'hich aie commonly 
used in the treatment of malaria The quinine solution consisted of 5 pei cent 
of the Burroughs Wellcome’s puie brand 

id) Method of test — To test the diftusion of quinine thiough the colloidal 
sj stems m the presence of various electrolytes test tubes of equal bore w'ere 
taken and 10 c c of the melted gel was poured m each tube, and then 1 cc 
of the clcctLohte was added, while it was still w'arm, the contents being -well 
mixed b} shaking Silver nitrate or barium chloride ivere then added in the 
proportion of 1 c c of a 5 per cent aqueous solution to the still fluid contents 
of each of the tube to act as indicatora for the detection of the diffusion band 
of chloride or sulphate of quinine respecti\eh B hen the gel had set, Ice 
of 5 per cent iqueous >-olution of the alkaloid was poured at the top The 
depth of the diffusion band was meaMued in centimeties by means of a tiavel- 
ling microscope after larjing periods of time r 


2 Results of expenments 


Table I (a) 


Penetiation of quinine bihydrochlonde in agai-agai and gelatin gels — 

Each tube containing — 

Gcl~10 c c , 5 pel cent AgNOj— 1 e c , N/10 Electrolytes— 1 c c , 5 per cent 

quinine bihvdrochloride — 1 cc 
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3-0 

1 

1 2-0 
f 

2-6 

14 

2-3 

60 1 

3-0 

1 

3-8 

2-8 

3-1 

j 2-5 

3-0 

16 

2-6 


♦Similar controls weie used m all the expenments and 
Bgures hax e not been repeated m the other tables 


as the lesults ivere the same, the 
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Beliavioiu of Cinchona Alkaloids towaids Cells 


T.ibld I (b) 

Penetiation of quinine bisulphute 
Each tube containing — 

Gel — 10 cc , 5 per cent BacL — 1 cc , N/10 EIcctiolytcs — 1 cc , 5 pci cent 

quinine bisulpliate — 1 c c 
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39 

2-0 

2-2 

IS 

2*0 

16 

IS 

60 

< 

2*2 

2*7 ^ 

2*0 

23 

J 

IS 

2*0 


♦XonM^L, AMTH- 
OUT VNA ELEC- 
TliOLATES 
(.111 


tgar 

i 

Gelatin 

03 

0*4 

01 

05 

0*5 

0*6 

0*7 

(fS 

0*8 

10 

(TO 

11 

1*0 

12 


*&iniilai contiolij woio used m all the experiments and as the results a\cio the same, the 
figures haAe not been lepcaled in the othei tables 


Tvbli: II (a) 

Penetiation of quinine bisulphatc in agui-agai and gelatin geh — 

Eacli tube containing — 

Gel — 10 c e , 5 pel cent AgNO^ — 1 cc , N/10 Eleetioljtes — 1 cc , 5 per cent 

quinine bihjcliochloiicle — 1 cc 


Electrola tes 

USED 

1 HCl 

tin 

1 HNO, 

1 cm 

j 

HSO( 

tm 

Gels 

1 Agar 

Gelatin 

1 

i Agar 

Gelatin 

Agai 

Gelatin 

Time in horns i 
3 

1 

0*7 

0*9 

0*6 

0*8 

05 

0*7 

6 

1*0 

13 

09 

1*2 

07 

1*0 

9 

1 1*3 

1*5 

1*2 

14 

10 

12 

15 

16 

2*1 

15 

19 

13 

16 

24 

1*9 

27 

1*8 

2*5 

1*6 

2*0 

39 

2*4 

3*1 

2*1 

2*9 

19 

2*1 

60 

2*9 

36 

' 1 

2*5 

3*3 

2*2 

y- — — 

2*8 
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T.VBLE II (6) 

Pencil ation o] quinine bimlphale in agai-agai and gelatin gels — 

Eai-h tube containing — 

Gel — 10 cc , 5 pci cent VgNO, — 1 <. t , N/10 Eiectrolytes — 1 cc , 5 per cent 

quinine bitulphatc — 1 c c 


Elfctroly Tts 

USED 

HCi 

' cm 

HNO, 

cm 

H^Oi 

cm 

Gels 

tirir 

Gel-ifm 

' Agar 

i 

Gelatin 

Agar 

1 

1 

Gelatin 

Time in hours 
3 

(r5 


0*6 


O-o 

ers 

1 

(74 

6 

0-7 


' OS 

1 06 

07 

0-5 


06 

9 

10 


12 

oro 

10 

err 

{ 

(79 

15 

' 13 


16 

1 

12 

13 

0-9 


12 

24 

16 



14 

15 i 

i 

IT 


14 

39 

19 


2*2 j 

16 

18 ' 

13 


17 

GO 

2*1 


2’5 

18 

! 

2-1 , 

1 

15 


19 

1 


Tyble hi (a) 

Peneti ation of quinine bihydrochlonde in agai-agai and gelatin gels — 

Each tube containing — 

Gei— 10 cc , 5 pel cent AgNO,— 1 cc , N/10 Electi olj tes— 1 cc , 5 pel cent 

quinine bihydrocliloride — 1 c c 


Electrolytes NjNO. KNO, Ba (NOd» 

TIKrr» 
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Table III (6) 

Panel) ation of qumine bisulphate in agiu-agm and gelatin gals — 

Eucli tube containing — 

Gel — 10 cc , 5 pci cent AgNOa — 1 cc , N/10 Elcctiolytcs — 1 cc , 5 pei cent 

quinine bisulphatc — 1 c c 


ELhCTKOLITES 

USED 

NaNO, 

cm 

KNO, 

cm 

Ba (NO.) 
cm 

i 

Gels 

Agar 

Gelatin 

Agar 

1 Gelatin 

1 

Agar 

Gelatin 

Time m hours 
3 

1 

0-3 

04 

0-3 

on 

0*3 

(r4 

6 

ff4 

05 

0-4 

0-5 

0*1 

ffo 

9 

0-5 

ao 

0-5 

07 

' 0*5 

07 

15 

07 

08 

(ye 

0-9 

0*6 

0*8 

24 

0-9 

10 

0*8 

1 1 

0*8 

10 

39 

10 

1 1 

09 

1*3 

0*9 

1*1 

60 

1 1 

1-2 

10 

1 1 

10 

12 


T\ble IV (a) 

Panellation of quinine bihgdiochloixde in agai-agai and gelatin gels — 

Each tube containing — 

Gel — 10 cc , 5 pel cent AgNOj — L cc , N/10 Electioljtes — 1 cc , 5 per cent 

quinine bihydioehloiide — 1 cc 


Electrolites 

USED 

1 

Formic Acid 
cm 

1 

1 Acetic Acid 

I cm 

j 

Propionic Acid 
cm 

Gels 

Agar 1 

j 

Gelatin 

i 

Agar 

Gelatin 

Agar 

Gelatin 

Time in hours 
3 

B 

tr7 

! 

0*4 

0r6 

0*3 

0*5 

6 

■■ 

0*9 

0*6 

0*8 

0*5 

0*7 

9 

mm 

12 

0*8 

1*1 

06 

0*8 

15 

■H 

15 

10 

14 

08 

11 

24 

^B 

2*0 

12 

18 

10 

14 

39 

1-8 

1 

2*5 

14 

2*2 

1*2 

1*8 

60 

I^B 

2r9 

1*6 

2*6 

14 

2*2 
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T\blk IV {b) 

Pcnchahon of quuunc bi\ulphate m aqai-aqat and gelatin gels — 

Each tube contanung — 

Gel — 10 cc , 0 pel cent AgNO^ — 1 oc , N/10 Electiohtes — 1 cc , 5 per cent 

quinine bi^ulphate — 1 c c 


ELECinOLITLS 

Used 

1 OUMIC \C1D 
cm 

\rtTic Arm 
cm 

i 

Propionic Acid 

1 cm 

Gels 

Agar 

Gelatin 

4gar 

Gehtm 

! 

Agar 1 

Gelatin 

Time m hours 

3 

1 

0-4 

0-5 

0-3 

1 

0*4 

0‘2 

0*3 

G 

O-o 

0-7 

0-1 

05 

0*3 

0*4 

9 

0-7 

09 

06 

07 

04 / 

0*5 

15 

0-9 

t 1 

or? 

org ; 

0r5 

OfO 

24 

1 1 

1 4 

OD 

1*1 

j 07 

0*8 

39 

1*3 

IS 

1 1 

12 

j 0-S 

10 

GO 

15 

2-0 

1 1 

13 

1 org 

1 i 

11 



T\BnE V (a) 





Penetration oj quinine bihydi ochlonde in agai-agai and gelatin gels — 

Each tube containing — 

Gel — 10 cc , 5 per cent AgNO^ — 1 cc , N/10 Electiolytes — 1 cc , 5 per cent 

quinine biliydrochloride — 1 c c 


1 

Electrolitfs 

USED ( 

Ov\Lic Acid 
cm 

Maiomc Acid 
cm 

SucciMc Acid 
cm 

j Citric Acid 
cm 

1 

Gels 1 

1 

■^gar 

Gelatin 1 

J 

Agar 1 

) 

Gelatin 

Agar j 

Gelatin 



Time m hours ' 
3 

1 

0*6 

08 j 

0*5 

0*7 

0*4 

0*6 


09 

6 1 

0*8 

1 1 

07 ' 

I 

09 

06 

1 08 

10 

12 

9 ! 

1 

12 

14 

0*9 j 

12 

(78 j 

12 

14 

17 

15 ] 

15 

18 

12 ! 

17 

11 ! 

15 

17 

22 

24 1 

1*9 

2*3 

I 

15 1 

1 

2*2 

1*3 

2*0 

2*0 

26 

39 j 

2*1 

2*7 

1 

18 , 

26 

1 0 

24 

25 

20 

60 

2*3 

3*0 

20 

28 

17 

26 

28 

1 

3*4 
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Table V (b) 


Pencbahon of quinine bi'iulphate m afjai-afjar and gelatin gels — 

Each tube eontajiung — 

Gel — 10 ce , 5 pci cent AgNO, — 1 cc , N/10 Elcctiolytc> — 1 cc , 5 per cent 

quinine bisulphnte — 1 c c 


EtECTROfiTES 

USED 


Ovutc A.CIO 
cm 


Acid ' SicciMC Acio 
cm cm 


Citric Acid 
cm 


Gels 


Agar 

Gelatin 

Agar 

Gel ilm 

1 Agar 

} 

Gelatin 

i Agar 

Gelatin 

) 

Time m liours | 
3 ( 

05 

06 

0-i 

0-5 

1 

0*3 

O'! 

1 

1 

1 0*6 

0-7 

6 

t 

07 

i OS 

06 

0-7 

i i 

0*5 

1 OS 

09 

9 


CfO 

1 1 

OrS 

CrO 

Cf5 

ore 

; 10 

i 

12 

15 

f 

1 1 

13 

10 

12 

&7 

OrS 

1 13 

1 

1 5 

24 


ra 

1 16 

1-2 

To 

0'S 

10 

! T5 

TS 

39 


15 

1 9 

1 1 

IS 

10 

12 

1 

2-1 

60 

1 

1-8 

2'0 

16 

19 

12 

13 

i 19 

1 

1 

2-5 


Table VI (a) 

Pcnetiation of qvinine bisulphate in agai-agar and gelatin gels — 

Each tube containing — 

Gel — 10 c c , 5 pei cent AglSIOj — 1 c c , N/10 Electiolytes — 1 c c , 5 pei cent 

quinine bihvdiochloiide — 1 cc 


Electron TEs 
USED 

Sod CiTHiTfc 

CUT 

Sod Phosi'hctf 
cm 

Glucose 

cm 

Gels 

Agar 

Gelatin 

Agar 

Gehtin 

j Agar 

Gelatin 

Time m hours 
3 

0-6 

0-9 

0-5 

0*7 

1 0-4 

1 

0-6 

6 

1 

0-9 

1*3 

0-7 

10 

j 0-6 

OS 

9 i 

1'2 

T7 

0-9 

15 


11 

15 

j 

15 

2*2 j 

1-2 

2*1 

1 


13 

24 

i-g 

27 ' 

T4 

2*4 

l^ 

17 

39 

2-3 

s-i 1 

16 

! 2-9 

! 

2'1 

60 

2'7 

35 ! 

1 

18 

30 

18 

2*6 
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Tvble VI (b) 

Ptnehatwn of quinine bisulphate in agai-agai and qelattn qels — 

Each tube containing — 

Gel -10 cc , 5 pci cent VgNO ,— 1 cc , N/10 Elccholytes— 1 cc , 5 per cent 

quinine bisuiphatc — 1 c c 


El tCTHOIlTbS 
USED 

‘•OD 

C mi\7i 
cm 

Sod Puospu 

cm ! 

i 

Glucose 

cm 

Gels 

4gar 


Gelatin j 

Vfiir 1 

Gelatin 

1 

1 

Agar ! 

Gelatin 

Time in hours 
3 

0-5 

1 

1 

0-G { 

0-5 

0-6 

1 

0-4 

0-5 

C 

0-7 


1 

0-9 

07 

0-9 

0-5 

06 

9 

0-9 


12 j 

09 

1 1 

06 

0-7 

15 

1 1 

i 

15 * 

10 

13 

err 

0-9 

1 

24 , 

1-3 


1*9 j 

1-2 j 

17 

O'S 

1*2 

39 

15 


j 2’2 

14 

i 

2‘0 

10 

14 

60 

17 


Cn 

1 - 

10 

2‘3 

[ 

11 

16 

i 


3 Discussion of lesults 

The expeiiments tabulated above cleaily show that the penetration of 
qoinme bihychochloude and quinine bisulphate thiough a colloidal system such 
as gelatin and agar-agai gels is maikedly influenced by the piesence of certain 
electrohtes, the e\tent of this penetiation being dependent on their chemical 
nature It was inteiesting to find that in eveiy case the penetration of alkaloid 
was quicker in gelatin gels than in agai , and also that quinine bihydrochloride 
diffuses more than quinine bisulphate 

fa) Penetiation affected by mineral acids, alkalies and neutral salts 

If we take each set of electiolvtes sepaiately we find, as seen fiora 
Tables I (a) and I (b), that all the three alkalies used increase the penetra- 
tion of the alkaloid into the gel body, the order followed being 
ISlaOH > NajCOs > NaHCOj It appears that the stronger the alkali, the 
greater is the diffusion of the alkaloid 

Tables 11 (a) and II fb) indicate that the three mineral acids, le, nitric, 
hydrochloric and sulphuric, acceleiate the diffusion of the alkaloid in the 
colloidal system m the following order ■— HC1> HNO 3 >H 2 SO*, which resembles 
that observed in the case of alkalies, namely, the stionger the acid, the more 
does it help the diffusion of the alkaloid 
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The pieseiice of neutral salts, le, sodium nitiate, potassium nitrate, and 
baiiuin mtiate does not seem to have any effect on the penetiation of the 
alkaloid A slight vaiiation fiom the nmmal penetiation range 1 =;, hovever, 
obseived in Tables III (n) and III (6) but this ina> po^siblj be due to 
expeiimentai error 

CM, TnxT-no 1 



0 6 12 18 24 30 36 42 48 54 60 


Time m hours 

Penetration of the three types of electrolytes giving ma\imum results in gelatin gels 

Trom the study of Tables I, II and III it appeals that wheieas the 
presence of mineral acids and alkalies in the colloidal systems piomotes the 
diffusion of the alkaloid, the neutial salts aie piactically without any effect 
This behavioui of the thiee types of electiolytes can be well lepiesented by 
ciuves as shown below (Te\t-figs 1 and 2) 

(6) Penetration affected by organic acids 
Tables IV (a) and IV (6) shorv that in the case of monobasic acids, 
inci eased penetiation of the alkaloid above the normal range, was only 
recorded with the lowest meinbei of the senes, i e , formic acid, while acetic 
acid has no effect and piopionic acid, the highest member of the three used, 
retaids the diffusion to some extent This holds good both with quinine 
bihydrochloride and quinine bisulphate 
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It \ppcni'^ jf the powci to illow the pcnctiation of the alkaloid is 
somehow iclited to the moleiiilu wci{?Iit* of the acids used, because the low'er 
the uiolccul 11 weight of the nieinbci ol the iiomologous series the higher is the 
e\tent of penetiation iiid vice \eisa 

It IS clcu fiom Tables V («) and V (b) that all the three dibasic acidsf 
used, accelerate tiic pcncti ition of the alkaloid m the colloidal systems, and 

TlAT-t ic. 2 

The amount of penetration afTected In the presence of each electrolyte in relation to 
one another within tlie thiec tipcs studied is shown as 

CM. 



the same relationship of the degiee of penetration was observed as m the case 
of monobasic acids 

The polybasic acid, i e , citric acid, allows the greatest amount of pene- 
tration of the alkaloid as compaied to the monobasic and dibasic acids 

The data obtained by using the above mono-, di-, and polybasic acids 
as electro Ijtes is veiy interesting It indicates that the monobasic acids allow 
least penetiation of the alkaloid, while the polybasic acids help it most, and 
also that the lowest members of the senes allow more penetration than their 
highei homologues 


*The molecular weights of the group of acids studied are as given below — 


Formic acid 46 03 

Acetic acid 60*04 

Propiomc acid 74 07 

TThe molecular weights of the three acids tried are — 

0\alic acid (anhyd ) 90*06 

Malomc acid 104 05 

Succmic acid 118*07 

J, MR 15 
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Bclinvioin of Gmcliona AlLalonls fonxnds Cells. 


{(1) Method of mcnsincment 

The Chaw cells, ten in niiinbci, weic placed m tlic gioove of the conduc- 
tivity cell, and the uppei block fitted on the low ei one as show n in Plate XXII, 
fig 2^* The lesistancc w^as ineasincd in ohms by a Slide-Wiie Wheatstone 
Budge fitted wuth sensitive telephone, tuned to a fiequcncy Duiing the . 
electiolysis of an aqueous solution between platinum clectiodcs, gases aie 
evolved, and a back electiomotivc foicc (polaiization cmf) is pioduced 
Undei such conditions it is not i caddy po^j^Jiblc to measuio the lesistance of 
a liquid conductoi by mean^? of a dnect euiient, and an alteinatmg ciuient, as 
IS given by an induction cod, wa«> theicfoic cmplojcd The induction cod 
should be placed at a distance of about thiee feet fiom the telephone so that 
it does not diiectly aftect it 

The expenments weie peifoimed m a constant-tempeiatme loom at about 
19 5°C to a\oid disciepancies due to sanations m tempeiatuie 


(e) Calculations 


The le'^ults weie calculated bv the foimula given below" — 

If R IS the knowm lesistancc mscitcd in the box, and it the sliding contact 
at the position of minimum sound in the telephone divides the budge wiie in 
the latio X 100-x, wheic x is the budge leading in centimeties, then the 


resistance V, of tlie solution undei test is given by V= 


R (100— X) 
X 


hence the 


conductivity of the solution is I/V= 


X 

R (lOO-X) 


(3) Results of evpenments 


TiVBLE VII 


Resutance and conductivity of the solution (R = 9,000 ) 


Elcctrolytes 

Na.CO. 

NaHCOa 

Citric Acid 

USED 

Resistance 

Conduc- 

tivity 

Resistance 

Conduc- 

tivity 

Resistance 

Conduc- 

tivity 

Time m 
minutes 

10 

20 

30 

40 

50 

60 

80 

2,250 

3,000 

3,327 

3,594 

3,857 

Constant 

(7444X10—’ 
(rsasxio-’ 
(ysooxio— ’ 

0 278X10-’ 
0*258X10-’ 
Constant 

3,500 

3,855 

4,235 

4,636 

5,285 

Constant 

0286X10-’ 
0259X10-’ 
0 235X10-’ 
a2i5xio-’ 
0189X10-’ 
Constant 

2,842 

3,162 

3,500 

3,855 

4,235 

4,636 

5,282 

0-351X10-’ 
0315X10-’ 
0286X10- 
0*259X10-’ 
0-235X10-’ 
0’215X10-’ 
0 189X10- 


*The upper block with attached electiodes is always kept m distilled watei no 
m use, to keep the electiodes wet and avoid the possibility of the foimation of bubb 
mtioduced into the electiolyte solution because if some bubbles lemain sticking, a remai a e 


difference in the lesults will be observed 






PHTX. XXII 




of the conductivity cell (lower half 
A and A, depressions m the paraflBn block E C and 
D, electrodes containing mercury B groove for placi^ the 
Chara cells 


m 


E>orsal view of the lower block of the 
cell 


G, Ser’indSowfr°'arX'“b7oc£'‘"“^"" ® 
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Table VIII 


Resistance and conductivity of the solution (U — 9,000 ) 


Electholites 

U'^ED 

KNOi 

NaNO, 

Normal without any 

ELECTROLT TB 

Resist mce 

E Con- 
duct ivitj 

Resistance 

E Con- 
ductivity 

Resistance 

Conduc- 

tivity 

Tune m 
minutes 

10 

9,750 

0 102X10 

10,550 

091X10-' 

12,428 

' 0S1X10-' 

1 

20 

11,000 

0 91X10-' 

11,151 

1 

irs7xio-‘ 

12,951 

0177X10-' 

30 

12,12S 1 

i osixio-' 

12,12S 

o-sixio-' 

13,500 

0 74X10-' 

10 

13,500 

{ 0 71X10-' 

13,500 

0-71X10-' 

14,076 

0-71X10—' 

50 

IkO&l 

1 0 6SX10-' 

11,684 

0 68X10-' 

14,684 

0-68X10-' 

60 

Constant 

Constant 

Coiiatmt 

Constant 

15,324 

0-65X10-' 

SO 

Con-tant 

j Const int 

Const mt 

Constant 

Constant 

Constant 


(4) Discussion of lesults 

When an electiolyte was added to the dilute quinine solution m the con- 
ductivity cell, it was noticed that the electiical conductivity gieatly inci eased, 
depending upon the electiolyte used Aftei intcicepting the Chain cells it was 
observed, as is shown by the tables, that the electrical conductivity of the 
electrolyte deci eased and resistance inci eased with time, wheieas m the case 
of the Cham cells the conductivity inci eased and resistance decreased This 
indicates that a proportionate amount ol the quinine is probably permeating 
into the plasma membrane of the Chain cells This fact was confirmed by 
chemical methods The Chain cells weie gently removed from the groove of 
the conductivity cell and washed well with running tap water followed by 
distilled watei, and then caicfully clued on a filter paper This was doire to 
remove traces of qmnine adhering to the suiface of the cell They were then 
placed on a clean glass slide, and one end cut with a safety lazor blade “With 
the help of a slight pressure applied to the cells, a clear cell sap flows out A 
drop of Taniet’s Reagent'^ was then added, which produced a distinct opacity 
Further the cell sap when diluted with water containing sulphuric acid showed 
fluoiescence The cell sap obtained fiom the normal cells did not give either 
of these tests The above tests were quite enough to prove that the cell sap 
contained quimne alkaloid 

The preceding tables indicate that whereas sodium carbonate, sodium 
bicarbonate, formic acid, and citric acid accelerate the permeability of the 

♦Dissolve 135 gims of meicunc peicliloiide in75 cc watei and 5 grins potassium iodide 
m 20 cc watei in a 100 cc graduated flisk Pom meicunc solution into the iodide solution 
undei agitation and fill up to maik with water (Nieienstein, 1919 ) 
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quinine salt in the cell, the neutial salts, le, sodium nitiate and potassium 
iiitiate aie piacticall}’’ without any clYcct Calcium chloiide seemed to have 
an antagonistic cftect with legaid to tiie peimcability of tlie alkaloid The 
electiical conductivity of the cells did not use, noi did the cell sap show the 
piesence of the alkaloid by any of the te&ts mentioned above 

Expel iments weie also conducted with the mmeial acids and sodium 
hy dioxide, but the conceutiation used pioved toxic to Chaia cells vhicli died 
during the couise of the expeiiment 

III COMPVmSON OF THE RESULTS OBfAIXED B\ PEXETIUTIOX AND 
PERMEVBILm EXPERIMDX'lft- 

The expel imental data obtained with electiical conductivity show' lesults 
which appeal paiallel to those found m the diflusion thiough gels It is of 
gieat inteiest to obsene that electiolytc> winch piomote the accelciation of 
the diffusion of quinine in the colloidal system al«o mciea-'e the peimeabilit} 
of the Chain cells to this alkaloid 

It ha'« thus been shown that pcnetiation of quinine salts thiough coiloielal 
systems such as gelatin gels and agai-agai gels maikcdh influenced bv the 
piesence of ccitam clectiolvtet> Fuithci the exact modification m this piocess 
IS dependent upon the chemical natuic of the salts 

The degiee of diftusion !>=; closeh i elated to the systematic position of the 
clectiolytes in the homologous bCiics 

The chief electiolvtes picsent m blood, eg, sodium phosphate, sodium 
caibonate, sodium bicarbonate, sodium chloiide, etc, have been found to 
mateiialh affect the peimeabihty of the colloidal stems tested This 
finding seems to be i elated to the disco\ei> b\ Acton and Chopia (1923) that 
CPI tain chemical and plnsical changes aflectmg the cell sui faces mciease oi 
inhibit the action of manv chugs 

The lesults obtained m the piesent investigation suggest that the effect ot 
ceitain clectiolytes on the pcnetiation and peimeabihtv of cells by quinine is 
possibly one of the factois lesponsiblc foi the beneficial effects of quinine and 
alkali tieatment of malaiia achocated b-s Smton (1923) 

A possible explanation of these lesults is that the leactivity of quinine is 
gieatei on account ot the gicatei and quickei pcnetiation of the alkaloid in 
cell bodies undei these conditions The lesults on diffusion show cleaily that 
the chemical analogue of the living cell is considciably affected wuth lespect to 
this piopeity in acid and m alkaline substiatc as compaied wuth the neutial 
one 


Summary 

1 A modification of Osteihout's electiical conductivity cell is desciibed, 
which eliminates vaiious distuibing factois 

2 Penetiation— The effect of the piesence of vaiious electiolytes on the 
peneti ation of quinine salts has been studied quantitatu ely on the chemica 
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an'logucfc- of living tclN It i:? shown that the pcnetiation of quinine salts 
thiough colloidal systems of gelatin uid agai-agai gch is consideiably influ- 
enced in acid and alkaline media, while the picsencc of neutial salts has piac- 
ticalU no effect Tlic stiongci acids and alkalies allow moie penetiation than 
the weakci onc^ The dcgice of pcnetiation of the clcctiolytcs is closely lelated 
to their chemical natuic and svstematic position m the homologous senes 

3 Perme ibilitv — Elcctiical conductivity has been taken as a measiuc 
of pciiueability of quiiiinc salts into the living piotoplasm of Ckaia colls It 
w IS obsened tliat pcimcabihtj of quinine salts was maikedly affected by 
alkalies and that the ncutial '-ilt-. did not pioduce any change The mincial 
icids m the concentiation used had a to\ic cflcct and the cells died aftei a 
«hort tunc 

4 It was inteiestmg to see that the lesults obtained with pcnetiation of 
quinine sxlts into the colloidal sv stems and pciiueability into the living pioto- 
phsm of vegetable cells aie ncailj paiallel 
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FURTHER OBSERVATIONS ON THE MORPHOLOGY OP 
PLASMODIUM FALCIPARUM WITH SPECIAL 
REFERENCE TO THE FINDINGS IN TWO 
FATi\X CASES OP JilALARIA ^ 


R ROW, OBE,MD (Loncl),DSC (Lond), 

Piofcssoi of Pathology 

{Fiom the Pathology School, Giant Medical College, Byculla, Bombay) 

tRccei\ed foi public ition, Febiuury 24, 1930] 

This uiemoii ii: niide up of two sepaiate topics The fiist, ‘A’, lefeis to 
the fate of the meiozoites of Plasmodium falcipaium in mixed cultmes, and 
the second, ‘ B ’, to its iiioiphologj in fatal cases of septiccemic malaiia 

A PiTE OF THE MER0Z0ITE3 OF PlasnwdlUm folcvpaium IN MIXED CULTURES 
In desciibing the fate of the meiozoites in cultuie, it has been pointed out 
elseiiheie (Row, 1929), that undei tlie usual conditions of malaiial infections, 
most of the meiozoites aic destioyed eithei by plasniolysis oi by phagocytosis, 
and that only such of them as had escaped this destiuctioii aie responsible for 
the succeeding paioxjsm — until the infection is either completely spent oi it 
culminates in the initiation and advent of the crescents — an ideal state of 
equilibrium between the host and the parasite 

It may be permissible heie to add one moie expeiimental obseivation to 
tho«e already published, which made it possible to follow the paiasite’s acceler- 
ated effort towards crescent formation in my attempts at sub-cultuies under 
conditions where the baneful influences of both the serum and the phagocytes 
on the parent cultures were reduced to a minimum The accelerated develop- 
ment was brought about by using a mixtme of Plasmodium vivax and Plasmo- 
dium falciparum foi culture, as by this manipulation it is found that the 
Plasmodium falcipaium supplants the Plasmodium vivax and the piehminary 
changes m the culture medium during the growth and subsequent destruction 

*This work was done under the auspices and with the aid of a grant from the Indian 
Research Fund Association (1929) 

( 221 ) 
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of these paiasitcs, intioduce conditions favouiablc to a hasteneil pioduction of 
such schizonts of the Plasmodium falcipatum as aic capable of yielding but 
two 01 even one mciozoite — a stage which indicates the mauguiation of the 
gamotocytes as suggested by the pieviout. obsei rations Could these mixed 
infections be one of the factoi-a lesponbiblc foi the picsence of the descents m 
cauieis in endemic aicas ^ 

The Expeiinient — A mixtuic oi Plasmodium vivui and Plasmodium 
Jalcipanim iings contained m icd blood cells fiom two scpaiate patients was 
planted m glucosed ascitic fluid and wdien the Plasmodium falcipatum schizonts 
had fully matin ed with the full load of meiozoitcs, sub-cultuies weie made 
fiom the deposit in a suspen'^ion of fiesh led blood cells m ascitic fluid and 
the wdiole mixtuie was filteied thiough (otton-wool so as to cnsiue (a) the 
elimination of the leucocytes and (b) a thoiough dilution of the medium 
deiived fiom the paicnt cultuie and of the fiesh dcfibiinatcd blood used foi 
the sub-ciiltuic Tins sub-ciiltuic iccealcd that the lie&hl> mtioduced red 
blood cells w'eic infected w'lth lings inside them and these developed into 
schizonts m 48 and 72 houis — but into schizonts jieldmg only one to two and 
at most onK foui meiozoitcs — but finthci sub-cultuies caiiied out on similai 
lines ahvays lailed foi w'ant ot capacity of these meiozoitcs to intect fiesh lecl 
blood cells These fact- aie depicted in Plate XXIII 

B The \ioupiiolo(.\ or hie mlrozoiiis in mu. sLintCEMic mvluiu 
The fate of the paia'^ite iindei considciation wheie the host-paiasite asso- 
ciation was such that the paiasites had all then ow'n way, was not possible 
of demonstiation until mateiial foi obsei ration w'as available at the autopsies 
of cases dying of a seveie malaiial infection, which fiom the micioscopic 
findings of the biain section alone may hare been mistaken foi the so-called 
‘Ceiebial Malaiia,’ but which tinned out to be, fiom the examination of othei 
oigans, septicannic malaiia Besides no cciebial symptoms oi signs weie 
obvious clinically 

The clinical and post-moitem notes of these two cases aie as follows — 
Case No 1 — Male aged 30, was bi ought into the hospital by the police, 
who picked him up at the loadside m collapsed condition The admitting 
officei’s notes — 

‘ The patient states that he had an attack ot asthma foi 15 days and pain 
m the joints of the lowei limbs Tcmpeiatuie 98°F , pulse 90, ihonclu m both 
lungs, patient dyspnocic and looks ill ’ On admission into the waids the 
patient was conscious but too weak to aiiswci questions, bieathmg huiiied 
and noisy He collapsed and wms unable to give any histoiy Heait sounds 
weak, pulse not felt at wiists, livei and spleen not felt, the patient died half 
an houi aftei admission at 1 1 -25 p m 

Post-moitem 12 houis aftei death — ^Notes — (P M 93 of 1929) 

Laiynx, tiachea, lungs and pleuia — Nothing abnoimal 
Heait — Smallei than noimal with a thick layei of fat on the suiface 
Heart muscle palei than noimal No vmlvulai lesions detected 
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Pcucauluim — Xothnig abnoi m 

Aoit\ — Showed advanced athcioraatous condition in the pioxymal 
(i&ccnding’) and tian‘=;voi‘<e pait^ of the aich A few patches of 
caily atheioinatous condition are found in the descending thoracic 
and abdoniinal paits 
Coi onai les — Noi inal 

Kidncjb — Smaller ind palei than noimal Capsule slightly adherent to 
the renal suifacc Thcie is fairh good amount of fat m the pelvis 
Coitcv and medulla ha\e noiinal ulations to each othei 
Uictei and Bladdei — Xothing abnormal 

Li\ci — Xoimal in size of duk slate colom, on section it w'as found to be 
In pci.emic 

GalUBluldei and Bik DucG —Nothing abnoi mal 

Spleen — Ln'iiged to ibont one ind a half itb noimal size On section it 
wa*' found to be duk, pulp wa'? •^oft The daik slate coloui of liver 
iiid «pleen wa*' icmaikiblc in (ontiast to the paloi of the heait 
muscle and kidnei* The smeais fiom the splenic pulp showed 
malignant teitiin paia*itcs in laige nuinbeis 
Tongue, phannx and (tsojihagus —Nothing abnormal 
Stomich — Miuou'' mcmbiaiic lugose and unifoiinlj congested contained 
lellowish «cmi-fluKl mateiial 
Inte-tincs — Nothing abnoi mal 
Biain — Nothing abnoi mal detected macio'scopicallv 
Case No 2 — INlale aged 20, was admitted foi feiei of one and a half 
months’ dm ition on 7th Dccembci, 1929 No tempeiatuic on admission, but 
intenselv pale and bieathle^s, clinical examination lexealed caidiac W'eakness, 
loud hannic niuimui m the puhnonaiv uea cedema of ankles and face 
Blood examination — H>disemic, no parasites found Diffeiential count — 
Pohmoiphs, 66 jici cent, Lemphocytes, 24 pei cent. Hyalines, 10 pei cent, 
Eosinophiles, 0 pei cent On the fourth dav of admission a few^ IVI T imgs 
W'ere found m fingei blood, but no ri<;e of tempeiature since the day of 
admission, until the afteinoon, when aftei a iigoi the terapeiatuie shot up to 
105°F , w'ltli lespiiatoix distiess, xvith shallow and fast bieathing, when seen 
at 5 pm the patient wa*^ eon-'Cious, tempeiature 104°F and tending to go down, 
but the condition of the patient w'as low and dj'spncea maiked, the patient 
died at 6-30 p m 

Post-moitem 18 houis aftei death 

Post- moi tern Notes — (P M No 98 of 1929) 

Lungs — ^Both lungs are pale and crepitant under fingers On section 
fioth and small amount of blood exuded on pressure 
Heart — Smallei and muscle paler than normal No valvular lesions 
detected Smeais from heart blood showed malignant and benign 
tertian paiasites 
Aorta — Pale and smooth 
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Kidneys — ^Noimal m size, veiy pale on section, capsule strips easily, 
coitex and medulla noimal 
Uieteis and Bladdei — ^Nothing abnoiinal 
Li\ei — ^Daik slate colouied and hypeiannic 

Spleen — ^Dark slate colouied, pulp soft Snioaib fioni splenic pulp 
showed benign and malignant teitian paiasites 
Stomach — Nothing abnoimal 
Intestines — Nothing abnoi nial 
Biain — ^Palei than noimal 

Laboiato)\j findings — Heait blood smeais ^how a veiy iich infection of 
lecl blood cells some of these contain two oi thiee lings of Plasmodium jala- 
pauim (Plate XXIII, fig 2) Smeais fiom spleen as stated above showed the 
paiasite'5 in all stages of de\elopment, iings, meiozoites, gametocytes and 
gamete"^, being all detected in the same specimen in abundance and the pigment 
laden leucocytes and endothelial cells (Plate XXIII, fig 3) Sraeaiis fiom the 
livei weie lemaikable foi the absence of dcmon^tiable paiasitc but iichness m 
hcemozoin deposit both inside and outside the laige endothelial cells The 
sections of the biain, the heait muscle, the pantieas, tiie supiaienals, and the 
kidne>s leveal identical conditions in the iichness ol the paiasites and m then 
stage of de\ elopinent in e^el> situation wheievei the capillaues ^^ele found 
full of stagnant blood These aic best seen in the miciophotogiaphs (Plate 
XXIV, figs 4 to 8), and lequiie acij little desciiption, beyond stating that the 
ldentlt^ of the paiasite was made out by the condensed accumulation of the 
hasmozom in the form of a donee blown black dot, the cytoplasm of the paia- 
site being noticed as a thin iim lound each dot taking up a blue stain in Gieinsa- 
stained sections and the absence of clnomatin in any loim indicating its Ijsis 
m the cytoplasm 

It appeals fiom a stud} of these histological sections that when the patient 
was in niticulo moitis and theiefoie had lost all poweis of defence, the paia- 
sites undei^ent such a lapid and uncontiolled multiplication, that the meio- 
zoites ovei flowed invading almost eveiy led blood cell and weie disseminated 
bioadcast, wheievei the cuculation was able to caiiy them but with the failuie 
of ciicuiation and attendant stasis, lemamed in situ in the capillaues of all 
the oigans The only situation wheie the paiasites weie not cleaily demon- 
stiable ^\ds the hvei iNheie they weie appaiently disposed of by the Kupffei 
cells which veie found loaded with massive deposits of hamiozoin, wheieas in 
the legions of the capillaues uhere the conditions toi stasis, conglutination and 
thrombosis weie at the optimum, the paiasite made a desperate and last effoit 
resulting m the above desciibed moiphological changes, chaiacteiized by 
sinmkage of the cytoplasm, kaiyolvsis of the chiomatm and piecipitation of 
the hsemozom within then bodies 

I desire to express my thanks to the membeis of the staff of the Pathology 
School, VIZ , to Di H S Patel, Di J L Saldanha, Di P L Deshmukh, 
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Di V B Ath*v\alc, ind Di D ^\ Sonnn, \sho have co-opcrated with me m 
this iiu estigation 
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Expl\n\tion 01 Platf XXTII 

Fig 1 Shows the vanous stages of development of the meiozoites in sub- 
cultuie fiom a mixed cultuie of P vivcn and P falcipaium 
„ 2 Blood film fiom the heal t blood taken post-moi tern of case 2 (l|12th 

objective, oil immeision ) 

„ 3 Smeai fiom ';])lenic pulp, case 1 n|]2tl) objective, oil immeisionl 
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Flo -i Muioplioto OI till 'utum ot iIk i ikIih inii'clt, 1 Note the 
^opnrition 01 the niii'olt fibn- in tlic c tpillaues choked with the 
jni i«ite*> njCtli ohjeetni ) 

I 5 Micioplioto of the -ectioii ol tin kidni\ ca^e 1 fljSth objective) 

) G Micioplioto of tiie -eition ol Inei i i-t 1 (IjGth objective) 

)i 7 Microplioto of the section of the bnin case 1 (ljl2th objective, oil 

immeroton ) 

» 8 Microphoto of the caidiac imi«cle of case 1 (ljl2th objective, oil 

iinnier-ion ) 




TNTEK-KKLAriONSIirP OP SOME OF THE IMPORTANT 
ENDOCRINE GLANDS. WITH SPECIAL REFERENCE 
TO THE PART THEY PLAY IN INFLUENCING 
THE COLOUR AND TEXTURE OP 
THE SKIN 


J P BOSE, AiB (Cal), Fcs (Loml), 

Diabetes Research Woikei, School of Tropical Medicine and Hygiene, Calcutta 

{Rocened for publication, Pebninry 27, 1930] 


Introduction 

While investigating the functions of the endocrine glands in ceitain 
diseases, some time ago, it was obseived by the wiitei that the action of 
insulin Bas different m different cases, that is to say, the rate of fall of 
blood-siigai , after subcutaneous injection of a propoitionate dose of insulin, 
as well as the reactions resulting theiefiom vaiied wudely It was also 
noticeable at the time that the coloui of the individual boie some lelationship 
to the action of insulin 

In Older to find out whethei the colour of animals had anything to do 
With this variation in the insulin action, the effect of insulin on animals of 
the same species but of different colour was studied For preliminary investi- 
gation, two varieties of the Himalayan rabbit were selected, viz — 

(1) The albino variety with pink eyes 

(2) The jet-black vanety with daik-pignieiited eyes 

Care was taken m the selection of the particular animals, and a dose of 
insulin proportionate to the w'eight of the animals was given, being 1 Physiolo- 
gical Rabbit Unit fP R U )* to each kilogram of the body-weight To avoid 
11 regularities in the result due to the action of food, all labbits were kept on 
the same diet and were starved for 16 hours before the test 


*One Physiological Rabbit Umt (P R U) is equivalent to 3 chmeal units 
•r. MR ( 227 ) 


16 
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The lesult of insulin action on these two types of animals was striking 
The albino Himalayan type of labbits weie found to be yery much moie 
lesistant (judged by the lowciing of blood-sugai) to the ‘^ame dose pci kilo 
of insulin than the jct-black vaiicty The jct-black labbits had an aveiage 
1 eduction of 60 pci cent of blood-sugai, 2 hoin^ aftci insulin, while the bloocl- 
sugai of the albino type was much less reduced aftci the same dose pei kilo 
Moieovei, most of the labbits of the jct-black yaiicty had reactions following 
insulin injection, yaivmg fiom mild to modeiatc dcgice-5, 25 pei cent, having 
lather se^ele foims of typical hypoglycamnc icactions One of the most 
noticeable featuies of this expeiiment uas that none of the albino type showed 
the least sign of insulin h-s poglycffinia , as a matter of fact, they behayed like 
normal animals thiougliout the e\peiimcnt 

Encouiaged by the abo\o result, the expciiment was tiled on the biowm 
Belgian-haie type of labbit^''^ It was found that this vanety of labbit w'as 
also veiy susceptible to insulin action, eyen moic so tlian the jet-black 
vaiietv The aveiage reduction of the blood-sugar, aftei the same dose of 
insulin pel kilo, was 65 pei cent (see Table VI) as against 60 pei cent of the 
jet-black vanety and 41 6 pci cent of tlie albino vanety {see Table I) and 
neaily all labbits of this type w'cnt into hypoglycamnc conMilsion'?, and many 
had to be revived by intiavenous injection of glucose 

Having definitely ascei tamed that the action of insulin vaned wudely on 
these thiee species of labbits, the next point to eonsidei w’as wdietliei the colour 
of the animal had anything to do with this vanation m result 

The hteiature on the subject contains a laige mass of evidence to show' that 
the adienals (as well as the pituitaiy) play an impoitant pait m the lepio- 
duction of pigments Adrenalin is believed to be closely i elated to tyiosin, 
which IS a chiomogemc substance, that is, it i-^ capable of pioducmg pigments 
If the adienals aie noimally functioning, the tyiosin is conveited into 
adrenalin, but in ease of hypo-function of the adrenals, the tyiosin is unable 
to bleak down any fuithei and mav give use to pigmented substances 

As an example of the theory that the underaction of the adrenal medulla 
gives use to increased pigmentation, mention may be made of the classical 
instance of Addi'son’s duease, wdiich show's all the chaiacteiistics of adienal 
hypo-function Among other evidences of the association of the colour of 

*This variety is used in England, and m the Continent foi insulin standardization 
e\peiiments When insulin came to India, in the Iittei part of 1922, there was a great 
deal of contio\ersy among diffeient woikers m India, as legaids the lesults of standaidiza- 
tiou tests as earned on heie On a icquest fiom Simla, Col H W Acton and the water 
woiked on this pioblem foi some time and the lesuits of then investigations definitely 
pioved that the alleged detenoiation of insulin was moie appment than leal and w'as 
leally due to vanations existing in the animals expeiimcnted upon 

Vide (a) ‘The aaiiabihtv in labbits used foi the assay of insulin’ (Bose and Acton, 
Ind Med Gaz , LIX, 7, July, 1924), 

(b) ‘The lelationship of the eolom of the labbits to their susceptibility to 
insulin’ (Acton and Bose, Ind Jom Med Hes, XV, 1, July, 1927) 
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aninnla witli the function of the incdullai> substance of the supia-ienal glands, 
nnj be mentioned that the haii of the Aictic fo\ turns white duiing the wintei 
and icvcits to i dull biown coloui duung the summei, a condition con elated 
to the 'tiC'^ of life that occuis dining these seasons m the Aictic Zone 

To find out whethci the albino Hunalavan labbits would show an mcieascd 
adienahn icapon^e, a& coiiipaicd to the pigmented labbits, the following 
expeiiment was earned out — 

A gioup of labbita fioni eacli of these two vaiieties was selected and an 
unifoiin dose of adienahn (0 15 mg per kilo) was given to all, the blood-sugai 
having been estimated befoie the injection and one houi aftei the injection 

It was found that while m the case of the albino vaiiety, the blood-sugar, 
1 lioui aftei injection of adienahn, w'as inci eased by 132 7 pei cent (Table II), 
that of the Belgian-haic t\pe of labbits waas inci eased by 36 6 pei cent only 
(Table VII) This diffeience was \eiv sinking 

Sumraaiizing the lesults of the above expeiiments, it will thus be seen — 

(1) That in rabbits of the same species but of diffeient colours, insulin 
causes a much smallet i eduction in the blood-sugai of the albino variety of 
labbits than m eithei the black or the biown vaiiety, 

(2) That in rabbits of the same species but of diffeient colouis, adienahn 
causes a much highei inci ease in the blood-sugai m the albino variety than in 
the blown type 

Experiments on the inter-relationship between the actions of insulin 

AND ADRENALIN ON BLOOD-SUGAR CONTENT 

Fiom the foregoing e\peiiments, it will be seen that theie is some asso- 
ciation betw'een the colour and species of an amraal and the output from its 
adrenal glands In the albino vaiiety of labbit, w^e find that the rise of blood- 
sugar after adrenalin is about 260 pei cent more than m the blown variety, 
whereas the fall of blood-sugai aftei insulin is maikedly less than that of the 
othei varietj It seems, theiefore, leasonable to suggest, on the basis of evidence 
which has already been put forward, that the adienahn content of the albino- 
Himalayan rabbits is high, and, accoidingly, a stimulating dose of adrenalin 
pioduces pronounced effect, resulting m a well-maiked mciease in the blood- 
sugar The low'er rate of fall of blood-sugai after insulin injection m the same 
rabbits can also be paitly explained, as being due to the partial inhibition of 
the insulin action by the moie powerful adienal action inherent in the animal 
In a previous expeiiment done by the wnitei, it was found that adienahn anta- 
gonizes the action of insulin on blood-sugai, so that when adequate doses of 
both insulin and adrenalin are given simultaneously, theie is neithei any rise 
noi fall of blood-sugar 

In the blown Belgian-hare type of labbits, on the othei hand, it would be 
reasonable to assume that the adrenalin content was low (as evidmced by the 
poor response to adienahn injection) and hence insulin had more oi less an 
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unopposed vnction, loweiing the blood-sugai to a much gi cater extent and 
pioducing the symptoms of hvpoglycscmia 

This expel iment also bungs lionie to us a lathei valuable deduction, viz — 

(1) That labbits, u'htch give a iLcU-imnked adienalin i espouse, give a poor 
msulm 7 espouse, and vice veisa 

(2) That rabbits, which (jivc a pooi adrenalin i espouse, give a violent 
insulin i espouse 

We have assumed in the above expenments that a maiked rise in blood- 
sugai aftei a dose of adienahn is evidence of high adienal action, and that a 
pool use m the blood-sugai denotes a pom adienal action, the degice of hypei- 
giycaemia pioduced aftei a piopoitionate dose of adienahn being thus indicative 
of the adienal function in a lough and leady \va> We realize that the 
above statement is neithei complete noi whollv tiue, because the mechanism 
by which the amount of sugai m the blood is legulated is a veiy complicated 
process We know that theie aic two gioujis of ductless glands with antago- 
nistic actions, vhich contiol this mechanism, the one gioup consists of the 
inteinal secietion of the pancieas and the ]>aiathvioids, the tendency of these 
being (expiessed m simple language) to check Inpeiglycannia, the other gioup 
consists of the thyioid, the supiaienals and the pituitaiy, the tendency of 
each of these glands being to mobilize sugai into the blood and cause liypei- 
glyciemia The secictions of the foimei gioup aie influenced by the vagus, 
and those of the antagonistic gioup aie all conti oiled by the sympathetic 
system 

That theie is some lelationship between the action of the supiaienal 
bodies and the thvioid gland is undoubted, though evidence is not conclusive 
on the point wdiethei this lelationship is a diiect one Thyioid, like adrenalin, 
acts antagonistically to insulin Theie is plenty of evidence on this point in 
the liteiatuie and it may also be mentioned that small doses of insulin have 
been found to do much good in cases of Giave’s disease The hypeiglyciemia, 
tachycardia, and loss of weight pioduced by excessive thyroid stimulation, is 
controlled, to some extent, by the opposing effects of insulin 

The adrenals aie believed to act thiough the splanchnic neive and the 
hepatic plexus, causing a lelease of sugai fiom the glycogen stoi e-house of the 
liver, thus tending to cause hypeiglyciemia It is also believed that the thyioid 
helps to intensify the action, to a gieat extent, because it has been shown by 
Bum and Marks that the livei lesponds less leadily to adienahn stimulation 
in the absence of the thyioid 

It has aheady been showm that m the albino Himalayan type of rabbits, 
the adrenalin lesponse is very high, i e , the hypeiglycsemia caused by injection 
of a propoitionate dose of adienahn is well maiked To find out how far the 
thyroid gland takes pait m this response, the following line was adopted 

A series of 13 healthy albino Himalayan labbits was selected, usual caie 
being taken for housing and feeding th'em, and an insulin test was done on each 
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of these nniiuals The dose of insulin being 1 Physiological Rabbit Unit 
(P R U) pel kilo The icsults of the insulin test aie given in Table I 

T.VBLE I 

Insulin } espouse in the albino Himalayan rabbits 
Bcfoi e thiji oidectomy 

(Dose 1 P R Unit per kilo ) 


Serial 

number 

Identification 

Weight m 
grammes 

Imtial blood- 
sugar 

Per cent 

Blood-sugar 2 
hours after 
msulm mjection 
Per cent 

1 

\ H 

1 

1,390 

0-102 


2 , 

A H 

O 

1,550 

0102 

0r068 

3 j 

4 n 

3 

1.S00 

0712 

' Cr068 

4 

4 H 

S 

1,100 

0 086 

0*060 

5 

A H 

G 

1,370 

0-072 

^ 0*052 

6 

4 H 

7 

1,160 

OriOO 

0*052 

7 

A H 

8 ! 

1,200 

0-095 

0*056 

S 

A H 

9 

1,450 

0-0S5 

0 054 

1 

9 i 

. A H 

11 

1,590 

0-107 

0r053 

10 

j A H 

12 

1,370 

0*123 

0*063 

11 

1 4 H 

13 

1,530 

0100 

0-048 

12 

A H 

14 

1,440 

0*121 

0*054 

13 

A H 

15 

1,330 

0ril2 

0*076 

Aveh-ige 



OlOl 

0*059 


REMARKS 

Average reduction of blood-sugar after insulin 41 6 per cent 

A\ erage dose of insulin gi\ en 1 4 P R U 

Reduction of blood-sugar per each P R Unit of insulin 297 per cent 

It will be seen from the abo\ e table that the ai erage initial blood-sugar of these rabbits 
was 0 101 per cent and that 2 hours after insulin, it became ffOoO per cent, i e , an average 
reduction of 41 6 per cent which thus means a reduction of 29’7 per cent per each Physiological 
IJmt of insulm 

Adienalin lesponse m a senes of 10 albino Himalayan rabbits was next 
tested, the dose of adienalin given was 0 15 mg per kilo The following table 
gives the results of adrenalin response m the albino Himalayan rabbits 
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T^ysLE II 

Adienalin i espouse m albino Himalayan labbits 
Bejoic Thyioidectomy 
(Dose 0 15 nig pci kilo ) 


Scual 

niimbei 

IdeuUlicUlou 

1 

Weight lu 
giainmoa 

1 

Initial blood- 
ing u 

Pei tent 

’ Blood-sugar 1 hour 

1 after adrenalin 

1 miection 

1 Per cent 

1 

t 

n 


1,500 

0-112 

0210 

2 

A 

II 

2i 

1,160 

(ri25 

O-’oG 

3 

A 

n 

3i 

1,500 

0 0S3 

0213 

4 


II 

ii 

I.ISO 

0-088 

0 221 

5 

A 

ir 

5. 

1 180 

0110 

0-211 

6 

A 

II 

6i 

1,300 

0 0% 

0-260 

7 

1 

' A 

II 

7a 

1 100 

0112 

, 0-210 

8 


II 

ba 

1,510 

0-12S 

0296 

9 

; ^ 

II 

9a 

1,500 

or 133 

! 0*308 

10 

* A 

t 

H 

10 1 

1,1G0 

0-106 

; 0288 

AvtU.\Gb j 


0-110 ' 

! 

0-256 


REMARKS 

Aveiage rise of blood-sugai after adienalin IS?? per cent 

Aveiage dose of adienalin given (f2li mg 

Rise of blood-sngar per each O’l mg of adrenalin 6?0 per cent 

It Will be seen fioni the above table that the aveiage initial blood-sugar 
of these labbits was 0 110 pei cent and that 1 hour after adienalin injection, 
it became 0 256 per cent, i e , a use of 132 7 pei cent in 1 houi The use of 
blood-sugai pei each 0 1 mg of adienalin was thus 62 pei cent 

All these labbits weie next prepaied foi thyioidectomy, which was pei- 
foiined imdei ethei anaisthesia, nearly the whole of the gland being lemoved, 
but caie was taken to leave the paiathyioids intact The Avounds healed up 
by first intention and the stitches weie lemoved on the 8th day About 7 
moie days weie allowed to elapse to get the animals back to the noimal state 
Insulin tests weie again done on 8 of these thyioidectoinized animals (of 
the A H gioup) using the same technique as before The results aie given in 
Table III 
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Tvbld III 

Iiibulin icspoiDie in albino Himalayan Rabbits 
Aftci thyi Qidectoiny 
(Dose 1 P R U pei kilo ) 


Send num- 
ber 

Idcutific l- 

tlOll lb 111 

Table I 

ciRlit m 
gr inirnca 

Initial 

blood-Migai 

level 

Ptr cent 

1 

Blood-sugar 2i 
hours after ' 
mbiilm injec- 
tion 

Pei cent 

Re MIRKS 

1 

V H 1 

1 390 

0100 

0033 

Sev ere liypoglycacmic 

convulsions, glucose 
given inti ivenously, 
saved 

2 

4 H 2 

1,550 

0104 

' 0 036 

Conv ulsions 

a 

A H 3 

1,S00 

0110 

1 

0f027 

1 

1 

Sev'eie convulsion, re- 
ti action of the head 
and extension of the 
hind limbs, intraven- 
ous glucose given but 
died in spite of it 

4 

\ H 5 

1,100 

0088 

0-037 ' 

i 

1 

5 

A H 6 

1,370 

0-075 

0 032 

1 

1 

I 

6 

4 H S 

1,200 

0-098 

0021 

Very severe convulsions, 
died in spite of glucose 

7 

A H 9 

1,450 

OOSS 

0-035 

, Tremor, restlessness, 

' rapid breathing 

S 

A H lo 

1,330 

0114 

0042 

Severe convulsions, 

, relieved with intra- 
venous glucose 

AvEaiGE 1 

j 1 

1 


0097 

0r033 j 


REMARKS 


Average reduction of blood-sugai after msulm 66 per cent 

Average dose of insulm given 14 P R U 

Reduction of blood-sugar per each P R Unit of insulin 47 1 per cent 

The lesults m the above table aie veiy stiikmg (c/ Table I) The same 
labbits (Table I), which weie veiy lesistant to insulin, befoie thyioidectomy, 
had seveie leaetions aftei the opeiation with the same dose of insulin, and 
two of them died with typical hypoglycasmic convulsions 

The aveiage initial blood-sugai m these labbits was found to be 0 097 
pel cent and 2 hours aftei insulin it became 0 033 pei cent as against 0 059 
pel cent in the imopeiated cases The aveiage i eduction of blood sugai 
uas thus 66 pei cent, oi 47 1 pei cent pei each physiological lahhit unit as 
against 29 7 per cent in the unopeiated ones ’ 
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In 6 of the tliyioulcotoiniiicd nlbnio Iljinalajan iabbit^ (of the ‘A Ha’ 
gioup) adienahn lespoii'^e was tested, using the same techniciue and the same 
dose pel kilo as bcfoic 


Tablk IV 


Adienahn le^po/ioc i/i albino Ilunalayan labbiti, 
Ajtc) (hyioidetloinii 
(Do&e 0 15 lug pel kilo ) 


Seual uumbei 

j 

Idonlific iliou 
lb m Tabic 11 

t 

1 

1 

Weight in 
gr inunca 

1 

1 

Initi tl blood- 
biig ir 

Pei tent 

i Blood-sugar 1 hour 
j after adrenalin 
, injection 

1 Per cent 

1 

1 

1 

f 

1 

1 V 

1 

H 

li 

Oj 

O 

o 

0-106 

o-iso 

2 

A 

II 

2i 

1 l.ICO 

0-101 

0186 

3 

A 

H 

01 

1 

1 i.tso 

OOSS 

0146 

1 

4 

A 

H 

6i 

1,300 

0 074 

0*135 

5 

V 

H 

9i 

1500 

OOSo 

0128 

6 

1 

A 

H 

1 

10a 

1,160 

0120 

0-lSS 

Averaob ] j 


0r095 

(7160 


REMARKS 

Aveiage use of blood-sugai aftei adrenalin 68*4 per cent 

Aveiage dose of adienahn given mg 

Rise of blood-sugai pei each 0"1 mg of adrenalin 342 per cent 

The above lesults aie also stiikmg, as compaied with those in Table II 
The same animals which, befoie thyioidectomy, gave such well-maiked lesponse 
m blood-sugai aftei adienahn injection, gave a much pooiei lesponse after 
the opeiation 

The aveiage initial blood-sugai in these labbits was 0 095 pei cent and 
the same 1 houi aftei adienahn injection became 0 160 per cent, le, a rise 
of 68 4 pel cent only, as against a use of 132 7 pei cent befoie thyioidectomy 

The nse of blood-sugai in these labbits pei each 0 1 mg of adienahn was 
thus 34 2 pel cent as against 62 pei cent in the same labbits, befoie thyioidec- 
tomy 
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The following table (Table V) summaiizes the mam results of Tables I, 
II, III and IV and explains itself — 

T/VBLE V 

Shomng the diljerence in uibulm and adienalm i espouse in albino Himalayan 
labbits before and aftei thyi oidectomy 



I Albino Hima- 
layan rabbits 
before Lhyroid- 
eelomy (Tables 
I and n) 


\DREN\Lm RESPONSE 


Insulin response 


Average rise of 
blood-sugar 
after adrenalin 
Per cent 


A\ erage rise of 
blood-sugar ver 
0 1 my of adre- 
nalin 
Pei cent 


132r7 1 62 0 


Average fall of 
blood-sugar after 
insulin 
Per cent 


41-6 


Average fall of 
blood-sugar per 
physiological rab- 
bit unit of insulin 
Per cent 


29-7 


II The same 6S-1 34 2 66 0 471 

rabbits after 
thyroidcct o m y 
(Tables III and 
IV) 


These lesults have been giaphically showm m Giaph 1 


Grxph 1 

Peicentago fall of blood-sugar Percentage nse of blood-sugar 
per P R U of insulin per O^l mg of adrenalin 



The daik lines above 0 repie«ent the percentage nse of blood-sugar after adrenalin 
injection The mterrupted Imes below 0 repiesent the percentage fall of blood-sugar after 
insulm 
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The well-maiked diftcience ni icsults between the noimal and thyroidec- 
tomized albino labbits is thus quite evident, and cleaiiy indicates that the 
thyroid takes a leading part in influenting the intei-ielation^'liip between insulin 
and adienalin 

We think the above cxpciimentb tend to show' that the absence or deficiency 
of thyioid secietion dept esses the function of the adrenals to an appieciable 
extent, but enhances the actnity of insulin to a leraaikable dcgicc Thyioidee- 
tomy probably depresses the functions of the chioniaphil tifesiuc& Noiraally, 
thyroid secietion is bclic\cd to be a diiect stniiulant to the cluoinaphil tissues, 
causing them to yield adrenalin to blood in laigci quantity The excess of 
adrenalin thus secreted acts tlnough the teplanchnic nerve and the hepatic 
plexus and causes a release of sugar from the glycogen istore-liousc of the lr\cr 

It is thus evident from the abo\e experiments that thyroidectomy enhances 
the activity of the insulin-pioducing cells of the iiancicas and alters the 
glycogenolytic response of the liver to adrenalin stimulation Some observers 
have noted that the inhibitory action of the thyroid on tiie pancreas is removed 
to a large extent after thyroidectomy and that there is a distinct increase in the 
islet tissues of the pancreas after thyroidectomy 

Insulin vnd ADRCNiUiiN rcsponsEs in the bhown 

BeLGUN-HARD T\1>E OE RVBBllis 

Tables VI and VII give details ot the insulin and athenahn responses 
obtained in the pigmented variety of labbits To summaiizc the lesults and 


T.VBLE VI 

Showing insulin i espouse in Belgian-hai c type of lubbiL 
(Dose 1 P R Unit per kilo ) 


Sei lal 
number 

Identification 

Weight in 
gi amines 

Initial blood- 
bugai 

Pei cent 

Blood-sugar 2 
horns after insulin 
injection 

Pei cent 

1 

Bi 12 

1,720 

0*122 

0035 

2 

Bi 13 

1,877 

0*133 

0*052 

3 

Bi 14 

2,477 

0133 

0 040 

4 

Bi 15 

2,557 

0120 

0040 

5 

Bi 16 

1,682 

0100 

0*035 

6 

Bi 17 

1,985 

0*100 


7 

Bi 18 

1695 

0110 


8 

Bi 19 

1,727 

0100 


9 

Bi 20 

1,450 

0120 

0*040 

10 

Bi 21 

1,342 

0135 

0 045 

Aveh.\ge 



0117 

-0011 


REMARKS 

Average reduction of blood-sugar 
Average dose of insulin given 
Reduction per unit of insulin 


65 pel cent 

176 P R U 
36*9 per cent 
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to coiupaie them ^\^th those obtained m case of the albino type, Table VIII 
lias been given 

The results cleaily indicate that these labbits aie veiy much moie sensitive 
to insulin than the albino Himalayan vaiicty All the labbits had hypogly- 
canmc leactions after insulin, vaiying horn a inodeiate to seveie degiee, and 3 
out of 10 rabbits died m spite of intiavenous injection of glucose 

The avciage reduction of blood-siigai aftei insulin was 65 pei cent, as 
against 41 6 pei cent in the albino variety T/ie ) eduction of blood-sugar per 
each physiological labbit unit of insulin nas thus 36 9 pei cent as against 
29 7 pci cent of the albino vaiieU (cf Table I) 


T.umc VII 

ShoiLing adienahn > espouse m Belyian-haie type of labbits 


CDosc 0 15 mg pei kilo ) 


Serial 

number 

Identification 

1 

1 

eiglil m 
gi immcs j 

1 

Initial blood- 
sugar 

Per cent 

Blood-sugar 1 hour 
aftei adrenalin 
injection 

Pei cent 

i 

1 

Br 12 j 

I 

1 

1,720 ! 

i 

0-118 

0150 

2 

Br 13 

1,877 

0128 

0-175 

3 

1 

Bi 16 

1 

1,782 

0106 

0138 

1 

4 ; 

Br 17 

1 

i 1,985 

1 ' 

0108 

0-140 

5 

Br 18 

1,795 

0112 

0164 

6 

Br 19 

1,727 

0-103 

0155 

Avehage 



0112 

1 0153 


REMARKS 


Average rise of blood-sugai 30 g pgj. ggp(. 

Average dose of adrenalin given 0‘265 mg 

Rise per Cri mg of adrenalin IS-g pg^ gent 

The above table clearly indicates the pooi response of these rabbits to 
adienahn stimulation The rise of blood-sugai, aftei adrenalin injection, was 
only 36 6 per cent as against 132 7 pei cent in the albino Himalayan va’iiety 
The peicentage use of blood-sugai pei each 0 1 mg of adienahn in this variety 
was thus 13 8 per cent as against 62 per cent in the albino variety ^ 
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T.VBLE VIII 

Showing at a glance the dijjciences in lesult of insulin and adienalin responsesi 
in the albino Himalayan type and the brown Belgian-hare type of labbits 

(Dose of adienalin given 0 1 mg per kilo of body-weight) 

(Dose of insulin given 1 P R Unit pei kilo of body-weight ) 


AURh^ \LIN Ilt^5l'O^Sfc 

I^SUU^ 

Ri,SP0>SE 

Aieiage use of 
1 blood-sugar 
after adicnaim 
t injection 

I Per cent 

t 

Rise of blood- 
sugar per O’! mij 
oj adienalin 

Pei tent 

Aieiage reduc- 
tion ot blood- 
sugar aftci insu- 
lin iiijcttion 

Per cent 

A\ Cl age 1 eduction 
of blood-sugar per 
Phj siological Rab- 
bit Unit of insulin 
Per cent 

1 

Albino Himalavan j 132'7 

t>pe of rabbits i 
(Tables IV and | 

V) 1 

62-0 

116 

29 7 

Blown Belgian- 1 36 6 

haie type of ! 
rabbits (Tables j 

VI and VII) I 

13-8 

65 0 

369 


The well-maikcd difteiences in the icsults ot adienalin and insulin lesponse 
in the two types of labbits is iciy cleailv lepiesented in this table 
These lesults have been giaphically icpiesentcd in Giaph 2 

Graph 2 

Peicentagc fall of blood-siigar Percentage use of blood-sugar 
pel P R U of iii'tulin pei frl rag of adrenalin 



The daik lines abo\e 0 lepiescnt the peicentage use of blood-sugai aftei adienalin 
injection The mtenupled line below 0 lepiesents the peicentage fall of blood-sugai after 
insulin 
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It IS a point worthy of note that the insulin response in the blown Belgian 
type of rabbits seems to lesemble clo^elj that of the albino Himalayan type 
of rabbits after thyroiclectomv (vide Table III) 

Summarizing the icsults of the abo\e animal experiments, w'e come to the 
follow'ing broad conclusions — 

(1) That the albino animals react poiveijullij to adienalin 

(2) „ „ „ , , vooihj to insulin 

(3) That the pigmented animals react pooily to adrenalin 

(4) „ „ „ „ „ pouerjully to insulin 

SlSCEPTlBILm IN HUMVN SLBJECTS 

To find out if similai results would ensue in human subjects, the writer 
proceeded to studv the adrenalin and insulin lesponse m human subjects In 
the first instance, a few’ healthj normal Indian subjects were selected and both 
the adrenalin and the insulin response in these indniduals was studied The 
dose of insulin gi\ en w as 1 clinical unit pei each 10 kilo of body -weight, wdiereas 
the average dose of adienalin was 0 5 mg The results of both the tests have 
been summarized m Table IX 

Tsble IX 


Showing the achenahn and insulin i espouse in noimal Indian subjects 


1 


Adrfx AUX 

RESPONSE 

I^StILI^ 

RESPOXSE 

Case number 
as m experi- 
mental book 

Imtial blood-sugar 
leiel (mg per 
100 e c ) 

1 

Maximum nse of 
blood-sugar after 
adrenalin mjec- ! 
tion 

Per cent 

Maximum rise of 
s> stolic pressure 
after adrenalin 
injection 

Per cent 

Maximum fall of 
blood-sugar after 
insulin injection 
Per cent 

1 

200 

76 

22'2 

1 

lOO 

30-3 

2 

204 

85 

21 2 

lOT) 

295 

N 3 

206 

SO 

42-0 

14 0 

22 5 

N 4 

208 

82 

444 

13 6 

20 8 

N 5 

209 ' 

90 

30 0 

61 

200 

N 6 

210 

SO 

255 

14 0 

25 0 

N 7 

211 

75 

20r0 

lOO 

200 

Avebage 

SI 1 

203 

111 

24-0 
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From the analysis of the above table, we find that m noimal healthy 
Indians — 

(1) The avciage initial blood-^ugai level i& 81 1 mg per 100 cc 

(2) The aveiago use of blood-sug.u aftci adienalm is 29 3 pei cent 

(3) The avciage use of systolic jire-suic is 11 1 pci cent 

(4) The aveiage fall of blood-Migai nftci insulin is 24 pei cent 

We ne\t tinned oni attention to human subjects sufteimg fiom diseases 
wheie theie is an alteiation in the pigmentation of the ‘skm Two gioups of 
cases weie selected — 

(1) Diseases m which theie is los^ of pigmentation m varying degrees, eg, 

leucodeima, albinism, etc 

(2) Diseases in which theie is inci eased pigmentation We included m 

this senes cases of chloasma and kala-aza) 

Accoiding to Dr Napici’s obseivation on the pigmentation of skin m 
250 cases of kala-azai, theie was a slight inciease of pigmentation in about 
40 pel cent of the cases and maikedly so in about 5 pci cent of the cases 

The wiitei next proceeded to study the eftects of adrenalin and insulin 
response in these gioups of cases sepaiately 

Table X gives the suminaiy of lesults of both these tests in cases of 
leucodeima 


Table X. 

Showing adienahn and insnhn i espouse in cases of leucodeima 


Serial 

number 

i 

i 

Specifica- 

tion 

1 

1 

' Initial bloocl- 
sufcar le\ el 
(mg m 100 c c ) 

Adren \ u \ RrspoNSi 

Insulin 

RESPONSE 

1 

MaMmum rise 
of blood-sugar 
after adienalm 
injection 

Per cent 

Maximum rise 
of sj stohe pres- 
sure aftci ad- 
renalin mjec- 
t tion 

Per cent 

Maximum fall of 
blood-sugar after 
msubn injection 
Per cent 

1 

L 

1 

57 

113*5 j 

12-S 

12*2 

2 

L 

2 

64 

68-7 

i 

16'0 

1 

( 1 

162 

3 

L 

3 

1 

60 

63-3 1 

i 

25 0 ; 

50 

4 

L 

4 

55 

! 

1 

803 

j 

116 

12*8 

5 

L 

5 

55 

i 

53*3 1 

1 

18*6 

1 

18*1 

6 

L 

6 

80 

51 1 

23'3 

1 

187 

7 

L 

1., 

! 79 

1 

6(77 

10*2 

j 

17*2 
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) Insuu>i 

AoUtNVlilV nhSPONSE I kfsponse 


1 

Son il ' 
number 

.Specific i- I"'!'** Maximmn u«e ^ 

tioi 1, , of blood-sup u 

|{mP mlOOeo) .dronahn ^ 

injection 

1 Pei cent 

1 

Mii\inium riiso 
if hjstohc pres- 
lUio uftei ad-j 
■cnaliti mjec- 
tion 

Pci cent 

MaMintim fall of 
blood-sugai after 
msidm injection 
Pei cent 

3 

L 8 

05 

615 

12-5 

18*1 

9 

L 9 

60 

616 

116 

14*2 

10 

L 10 

73 

5Sr9 

210 

ig-e 

, 

L 11 

81 

567 

11 1 

20r0 

12 ' 

L 12 ' 

105 

360 

16 6 

47 

13 

L 13 

72 

47 2 

111 

16'0 

U 

L 14 

75 

22-6 

17-0 

18 0 

15 

L 15 ' 

e, ^ 


164 

13 9 

16 

L 16 

i 

55 

1 

54 0 

Not done 

138 

17 

L 17 


2ff0 

14 8 

152 

18 

L 18 1 

1 

61 

508 

13*2 

19r2 

19 

L 19 

95 i 

1 

578 

12-7 

19-5 

Average 

711 

56 5 

153 

15 4 


Fiom analysis of the above table we find that m cases of leucodeima, 

(1) The average initial (fasting) blood-sugar level is 71 1 mg per 

100 c c 

(2) The average rise of blood-sugar after adrenalin was 56 5 per cent 

(3) The average rise of systolic pressure is 15 3 per cent 

(4) The average fall of blood-sugar after insulin is 15 4 per cent 

Table XI is a summary of adrenalin and insulin response in cases of kala- 
azai All the cases selected weie verified by laboratory blood examinations and 
spleen punctures 
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Table XI 

Showing achenahn and insulin i espouse in cases of kak-azar 


Serial 

number 

Specifica- 
tion j 

t 

i 

! 

i 

i 

j 

Initial blood- ' 
sugar (mg pei ; 
100 c c ) 

) 

I 

1 

1 

Adrfn \I IX 

UESfONSE 

Insulin 

RESPONSE 

1 

< 

\ 

MiuMmum rise 
of blood-sugar 
after uircn dm 
injection 

Per cent . 

J 

1 

Maximum risr 
of ‘.>-,tolic pres- 
siiie iftcr ad- 
renalin injec- 
tion 

Per cent 

Maxiimini fall of 
blood-sugar after 
insulin injection 
Per cent 

1 

K 

1 

. 78 

110 

6 i 

29 

2 

K 

2 

93 

20 0 

10 

52 

3 i 

i K 

3 

70 

15 0 

No rise 

1 

55 

4 

1 K 

4 

100 

17*0 

16 

29 

5 

K 

5 

100 

15 0 

Xo use 

26 

6 

! K 

6 

’ 110 

no 

2 

34 

7 

' K 

8 

: 97 

ISO 

7 

30 

8 

K 

9 

102 

12 0 

16 1 

16 

9 

K 

10 

' 90 

10*0 

5 

6 

10 

K 

11 

, 95 

17 0 

IS 

33 

11 

K 

12 

SO 

2C*0 

25 

28 

12 

K 

1 

13 

! 75 

13*0 

3 

42 

13 

' K 

14 

1 SO 1 

! 15 0 

No rise 

19 

14 

K 

15 

I ; 

1 22 0 : 

5 

55 

15 

K 

16 

100 

1 130 

No use 

20 

16 

K 

17 

81 

1 90 

8 

40 

17 

K 

18 

85 

1 

60 

No rise 

42 

IS 

K 

19 

80 

10*0 

8 

39 

19 

K 

20 

99 

19r0 

i 

8 

66 

Average 


89*7 

; 14 5 

7*2 

34*8 


The analysis of the above table shows that m cases of kala-azai, 

' (1) The aveiage initial (fasting) blood-sugar level is 89 7 mg pei 100 oc 

(2) The average rise of blood-sugai after adienalm is 14 5 pei cent 

(3) The average use of systolic pressiue after adienalm is 7 2 per cent 

(4) The aveiage fall of blood-sugar aftei insulin is 34 8 pei cent 
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Table XII suinuiaiizes the lesults of adienalm and insulin lesponse m 
cases of chloasma in varying dcgiees of pigmentation 

Tvble XII 


Showing adicnabn and insulin i espouse in cases oj chloasma 


Serial 

number 

Specifica- 

tion 

luiti il blood- 
sugar lc\el 
(mg per 

100 cc) 

Adhenaliv response 

Insulin 

RESPONSE 

M iximum rise 
of blood-sugar 
aftci adrenalin 
injection 

Per cent 

Maximum rise 
of systolic pres- 
sure after 
adrenalin 
injection 

Per cent 

Maximum fall of 
blood-sugar after 
insulin injection 
Per cent 

1 

Chi 

1 

100 

9-5 

—10 


2 

Chi 

2 

90 

14 5 

50 

44 5 

3 

Clil 

3 

95 

13-5 

12 

348 

4 

Chi 

4 

64 

1 17 4 


26r5 

5 

Chi 

5 

80 

23*7 

3-5 

471 

6 

Chi 


90 

3-7 

—50 

33 4 

Atciuce 


S(?5 

13*7 

1 

0*6 

37*5 


An analysis of the above table shows that m cases of chloasma, 

(1) The average initial blood-sugar level is 86 5 mg per 100 c c 

(2) The average rise of blood-sugar after adrenalin is 13 7 per cent 

(3) The aveiage use of svstolic pressuie is 0 6 pei cent only 

(4) The average fall of blood-sugar after insulin is 37 5 per cent 

The lesults of Tables IX, X, XI and XII have been summarized in the 
Allowing table which definitely show striking diffeiences m results in these 
gioups of cases as compaied to noimal — 

Table XIII 


{Summanzes the i esults in Tables IX, X, XI, and XII ) 


Cases 

Initial blood-sugar 
level (mg per 
100 cc) 

1 

Adrenalin 

RESPONSE 

Insulin 

RESPONSE 

A\ erage rise of 
blood-sugar after 
adrenalin 
j Per cent 

Average rise of 
systolic pressure 
after adrenalin 
Per cent 

Average fall of 
blood-sugar after 
insulin 

Per cent 

Normal 

811 

I 29-3 

11 1 

24*0 

Leucoderma 

711 

56 5 

15-3 

14 9 

iiala-azar 

sgr? 

145 

72 

34 8 

Chloasma 

86 5 

13*7 

06 

37 5 


The above table clearly brings out some well-defined and striking facts 
It shows — 


(1) That the cases of leucoderina show a well-maiked adrenalin response 
as compared with normal The percentage rise of both blood-sugai and 

J, MR -I 7 
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TiVBLE XV 

Showiuij the synopsis oj icsults of adienalin and insulin i espouse in cases of 
kala-azai before and aftei tieatment by antimony compounds The 
figwes foi noimkil aie also given to compare lesults 



1 

' \dH 1-N\UN Ilt'5l>0X&b 

j Insolin 

' UlSl’ONSb 

1 

Cases 

Imtiil blood-sugai 
Ie%cl (mg pel 
100 c t ) 

Per cent 

c r ige rise ol 
blood-sugar tflcr 
adren dm injec- 
tion 

Per cent 

j A\er.ige rise of 
j s%stolic pie«aiire 

1 after adren dm 

1 injection 

j Per cent 

1 

1 

1 Aieiige fall of 
blood-sugar after 
[ insulm injcct’on 

' Per cent 

1 

1 

1 

Cases of kala- 
azar before 
treatment 

S9-7 

U*5 

72 

i 34 8 

1 

1 

1 

The same cases 
after treat- 
ment 

83 0 

295 1 

I 

1 

12*5 

1 

1 

1 19*5 

t 

1 

( 

! 

1 

Noimal con- 
trols 

81 1 

1 

29-3 1 

1 

1 

i 

,u 1 

i 

24*0 

1 


Fiom an analysis of Table XV, we come to the following rathei important 
findings — ' 

(1) That the aveiage initial (fasting) blood-sugai level in the uon-tieated 
cases of kala-azar is 89 7 mg pei 100 cc wheieas it is 83 mg in the same 
cases after tieatment 

(2) That the maximum use of blood-sugar aftei adienalm injection in 
the non-tieated ca=:es is 14 5 pei cent, which mci eases to 29 5 pei cent aftei 
treatment, thus appioaclimg noimal This may be taken as indicative of an 
impiovement m the adrenal function 

(3) That the maximum use of systolic piessuie after adienalm injection 
m the non-tieated cases of kala-azar is 7 2 per cent only, which increases to 
12 9 pel cent aftei tieatment This figure also approaches normal 

(4) That the maximum fall of blood-sugai aftei insulin injection is 34 8 
per cent in the non-treated cases, winch decreases to 19 5 pei cent after 
tieatment, and approaches near normal The lowering of the high insulin 
response aftei tieatment is, it is believed, due to the improved adrenal function, 
which cau'?es moie release of sugar from the glycogen store-house of the hvei, 
and thus neutralizes the action of insulin to a laige extent, 
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To bung out the diffei cnees between aclienahn and msulm response in 
cases of kala-azai befoie and aftei tieatraent by antimony compounds graphi- 
calh and to compile tiiein with a noiuial contiol, Giaph 4 is appended below 


Graph 4 

PeiccnUge fall of blood-sugai Percentage rise of blood-sugar 
iftoi i/ibiiliii injection iftci ad)eiialtii injection 



SUMMARA AND MAIN CONCLUSIONS 

(1) The action of adienalin and insulin on the blood-sugar of rabbits, 
when these happened to be of the white, blown and coloured variety, was 
investigated It was found that, wheieas, the blood-sugai use pei 0 1 mg 
of adrenalin was 62 per cent m the albino labbits, it was only 13 8 per cent 
in the blown variety Also, whereas, insulin caused a fall of 29 7 per cent of 
blood-sugai pei P R Unit in the albino, it caused a gieatei fall (le, 36 6 pei 
cent) m the brown vaiiety 

(2) That the thyioid takes a leading part in influencing the intei-ielation- 
ship between the action of adienalin and insulin was shown by the fact that the 
adrenalin response causing a 62 per cent blood-sugar rise in the albino rabbits 
diopped to 34 2 pei cent aftci thyioidectoiny, also that the insulin lesponse 
causing a blood-sugai fall of 29 7 pei cent inci eased to 47 1 per cent after the 
opeiation 

(3) The adienalin and insulin lesponse in human subjects suSeiing horn 
diseases influencing the pigmentation of the skin was studied These fall into 
the following gioups — 

(a) Leucoderma, albinism — loss of pigmentation 

(b) Chloasma, kala-azar — increased pigmentation 

A gioup of normal healthy Indians weie tieated as contiols 
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It was found (i) that adienalin caused a much higher rise m blood-sugar 
and also of systolic piessuie m the leucodeiraa cases as compared with that 
of the othei gioup, as well as the noimal 

(it) That insulin caused a gieatci i eduction of blood-sugar m the pig- 
mented cases as compaied with the leucodeima and the normal cases 

{ill) That cases of leucodeima and albinism behaved more or less like 
the albino type of labbits as icgaids the adienalin and insuhn responses 

(iv) That cases showing mci eased pigmentation behaved moie or less 
like the pigmented labbits 

(4) A gioup of cases of kala-azai of vaiymg degrees of seventy which 
gave a veiy pooi adienalin i espouse before treatment were next selected, and 
adrenalin and insulin response were tested again after a course of injection of 
antimony compound to see if these responses would be influenced thereby 
It was found that, wdieieas, adienalin caused a rise of 14 5 per cent of blood- 
sugai and 7 2 per cent of systolic pressure before treatment, it rose to 29 5 per 
cent and 12 5 pei cent respectively after treatment, definitely indicating an 
improvement in the function of the supra-ienal glands Also, whereas before 
treatment, insulin caused a greater fall (34 8 per cent) in the blood-sugar, it 
w'as much i educed (19 5 pcv cent only) after treatment, also showing that the 
improved adrenal function caused a gi eater release of sugar fiom the glycogen 
store-house of the liver, which neutialized the action of insuhn on blood-sugai 
to a large extent 

The influence on the texture of the skin wull be treated m a separate 
papei 



GLUCOSE- AND L^VULOSE-TOLEBANCE CUBVES IN 
VABIOUS CONDITIONS 


BY 

Lieut -Colonel T A HUGHES, ma, md, mrcp, dph, ims, 

AND 

KHAZAN SINGH MALIK, m sc 

{Fioin the Depat trnent of Clinical Medicine, King Edward Medical College, 

Lahore ) 

[Received for publication, March 1, 1930 ] 

The ingestion of 50 grammes of glucose by a normal individual leads to 
a us6 in blood-sugar which subsides to the imtial level or below it in one and 
a half to two hours The highest value attained is less than that at which 
sugar usually appeals in the mine (0 18 to 0 20 per cent) Although the liver 
plays the chief part in thus regulating the blood-sugar level defective tolerance 
to glucose lesults fiom pathological changes in other tissues which take part 
in carbohydrate metabolism, notably the pancreas and muscles, and a renal 
glycosuria may interfere with the shape of the glucose-tolerance curve Apart 
from diabetes melhtus and allied disoiders intolerance to glucose has been 
found in other diseases of the endocrine glands, m non-endocrme obesity 
(Goldblatt, Forrest Smith and Gardiner Hill, 1928), m certain skin diseases 
(Someiford, 1929), m upper and lower neuron paralyses and myasthenia giavis 
(Payne and Hale-White, 1927), in acute nephritis and nephritis with urea 
retention (Majoi, 1923, William and Humphreys, 1919), in cirrhosis of the 
livei (Strouse, 1920) , m rheumatoid arthritis (Pemberton and Tompkins, 1920) 
and in other conditions Bhatia and Coelho (1925) found abnormally high 
blood-sugai levels in normal Indians m Bombay after administration of 50 
giammes of glucose or cane sugai In some individuals the fasting blood-sugai 
was also above the noimal figure Non- vegetarians had a lower average 
blood-sugai and greater carbohydrate tolerance than vegetarians Payne and 
Hale-White (1927) investigated the diagnostic value of the glucose-tolerance 
cune and showed that the only disease in vliicli a diagnosis could be made 

( 249 ) 
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Glucose-mid Lccvulose-Tolemnce Tests 


fiom the cuive alone was diabetes In othci cases m winch the clinical evidence 
leads to doubt the glucose- toleiance test may be of value in diffeientiatmg a 
condition m which the cuivc is usually noimal fiom one in which it is geneially 
abnoimal 

As legaids the metabolism of Icevulose it is generally agreed that the liver 
IS the only oigan concerned in the stoiuge of this sugai, and hence inability to 
dispose of Icevulose is taken to indicate defective glycogenic function of the 
liver In a normal adult there is little or no change m the blood-sugai follow- 
ing the 01 al admmistiation of 50 grammes of lajvulose Taller man (1923) gives 
the following standards of normality for this test — 

(1) The blood-sugai should not exceed 0 135 per cent nor show a use of 
30 mrlligiams above the initial fasting level 

(2) The raised blood-sugar should not persist beyond 1} or at most 2 
hours 

This observer found the renal threshold for Irevulose to he between 0 115 
per cent and 0 13 per cent 

The experiments recorded in this paper were earned out mostly m the 
cold weather on a number of patients m the medical wards of the Mayo 
Hospital, Lahore Defective storage of glucose had been noticed from time to 
time in the course of routine observations on such patients and the object of 
the present investigation was to obtain mfoi matron regarding the frequency 
of this condition and the diseases with which it was associated Glucose- 
tolerance tests were carried out on 49 cases and Irevulose tests on 29 Circum- 
stances did not permit of both tests being done on the same individuals except 
m two instances The results are given in tabular form (Tables I and II) 
No cases of diabetes oi other endocrine diseases are included The pneumonia 
patients examined were convalescent and hence may be regarded as practically 
‘normal’ Blood for examination was obtained by pricking the finger and 
blood-sugar was estimated by McLean’s method 

The results show that nearly all the patients tested with glucose gave 
curves which were abnormal in one or more respects No type of curve, how- 
ever, was diagnostic of any particular disease This confirms the finding of 
Payne and Hale-White Of the total cases examined (78), 52 had initial 
blood-sugar values above 0 120 per cent, a figure which is generally considered 
to be the upper limit of normality Included in these are 8 of the 10 convales- 
cent pneumonia patients who may be considered to have been free from active 
disease at the time of examination We have not had an opportunity of esti- 
mating the blood-sugar in a senes of normal Indians in the post-absorptive state 
but from isolated observations we consider a high value not to be uncommon 
The patients examined lived on a diet mostly vegetarian, especially the 
Hindus, but rigid vegetarianism is not common among these people 

results of the Isevulose-tolerance tests in Table II are judged by 
Tallerman b^^andai ds they indicate defective glycogenic function of the liver 
m all except case Even if the maximum rise in the blood-sugar is alone 
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Gliicobe-and Lmvulo6e-Tole)ance TeUs 


consideied this function must be adjudged abnormal in 13 As the patients in 
both senes weie sufteimg mostly fiom the same types of disease and weie m 
othei lespects similai, it may be concluded that inelTiciency of the liver m legaid 
to glycogen foimation and stoiagc was in most of the cases to a greatei oi 
less extent lesponsibie for the intoleianco to caibohydiates This conclusion is 
suppoited by the fact that in tiie two subjects (Nos 19 and 22 — ^Table I and 
Nos 26 and 25 — ^^r.iblc II) on whom both tests were earned out there was 
intoleiance to both sugais In ceitain diseases, eg, hepatic cnrhosis, the livei 
may have been the chief, oi the only, oigan at fault, but m otlieis this was 
probably not so Defective cuculation in the muscles (Pcmbciton, Cajon and 
Giouter, 1926), abnoimal ncivous influences or a piedoniinantly vegetaiian diet 
piobably played a pait in some instances Fuithei, m view of the results 
obtained on the patients convalescent from jmcumonia, the diseases fiom wdnch 
oui subjects weie suftering at the time of examination may not have been 
the sole cause of their defective caibohydiate metabolism 

One factoi common to the patients examined is that they had all sufteied 
fiom malana fiom infancy, m gieatei oi less degree, and in most cases had 
little 01 no effective treatment The bihuibm content of the plasma w^as 
estimated in the second senes and with tlie exception of thiee patients (Nos 16, 
24 and 27) all gave figures within, oi close to the noimal range (0 2 to 0 5 
unit) This show's that there was no inter feiencc ivith the ability of the hvei 
to excrete bile pigment and no consideiable degree of blood destruction m the 
majority at the time of examination It is possible, howevei, that previous 
malaria may have pioduced a diminution in the glycogenic function of the 
liver which subsequent disease bi ought into evidence Sinton and Hughes 
(1924) shoived that ordinal y acute attacks of this disease may give rise to 
diminished lievulose-tolei ance and Williams (1927) found markedly abnoimal 
Isevulose curves during the course of therapeutic malana in patients suffering 
from G P I Another disease which may have caused liepatic injury m some 
of our cases is amoebiasis, a condition which is common among such people 


CoNCIitfSION 

Glucose- and Isevulose-tolerance tests were performed on 49 and 29 hospital 
patients, respectively, suffering from various diseases No cases of diabetes 
or other endocrine disturbances w'eie examined Accoiding to the usual 
standards the cuives were abnoimal in almost all cases The initial blood-sugai 
was high (above 0 120 per cent) m 52 The cause of these findings is dis- 
cussed 

Our thanks are due to Dr Lai Chand Khanna, Piofessoi of Physiology, 
King Edward Medical College, for permission to use ?iis laboratory 

The expenses of this research were defrayed by a grant from the Indian 
Research Fund Association 
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JUNGLE IN EELATION TO MALARIA IN BENGAL 


]\I 0 T IYENGAR, b a , f z s , 

Entomologist, Bengal Public Health Depai tment, Calcutta School of Tropical 

Medicine 

[Recenecl for publication, March 1, 1930] 

The teim ‘ Jungle-fever ’ as commonly used refers to a severe attack of 
malaiia and it is a common belief among the lay public (and not an infrequent 
one among medical men as well) that jungles are malariogenic We frequently 
heal of jungle being intensely malarious, and that a single excursion into the 
jungle would be enough to bring on an attack of malaria In certain localities, 
the local people attiibute the incidence of malaria to the proximity of the 
jungle and they believe that a cleaiance of the jungle would reduce malaria 
Some medical men have stiong views on this point and would tiace an attack 
of malaria to a visit to the jungle They havm piessed foi a clearance of jungle 
foi a mile all around the village or habitation as a protection against malaiia 

My observations on the jungles in the province of Bengal show that they 
are not connected with malaria at all, but on the othei hand actually form a 
piotection against the bleeding malaria transmitting species of Anopheles It 
will be of interest therefoie to record these obseivmtions on the different jungle 
aieas in Bengal 

Some misapprehension may occui in legard to the term ‘jungle’ In using 
this term in the present article, I mean an uninhabited land covered by forest 
trees, shrubs or thick brushwood, tall and thick enough to produce shade and 
prevent the exposure of the land surface to sunlight to any appreciable degree 
The height of the trees and shrubs is not of importance as they may be very 
high 01 quite low The vmgetation may have been aitificially planted or it may 
be composed entirely of natural jungle flora Scrub-jungle consisting of 
straggling low-lying shrubs, pastural jungle, and savannahs do not come under 
the term ‘jungle’ as discussed in the present article The undergrowth of 
weeds and clumps of bamboo commonly occuning in the vicimty of houses and 
villages in Deltaic Bengal and locally known as jangal does not come under 
this category and is not discussed in the present papei 
J, lui ( 259 ) 
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in Relalion to Malaiia in Bengal 


Jungle icgioiii, m Bengal 

Jungles occiu in difteient pints of Bengal We have tlic lull jungles of 
the mountains on the noith, we have also the submontane jungles m the Teiai 
and the Duais, the foot-hill zone Lastly, we have the mangiove jungles in 
the Sundeiban aiea, the estuaiine zone of Bengal The submontane jungle is 
that W'hich comes in foi much blame as being malaiiogemc since the submontane 
zone IS intensely malaiious The Sundeiban jungle is less ficquently blamed 
as being lesponsible foi the malaiia m the neighbomhood But no complaints 
aie heaid with legaul to the jungle in the lull aicas, theie being veiy little 
malaiia in the lull zone 

Hill jungle 

INIontane jungles w'eie investigated on thiee occasions The extent of 
bleeding in these jungles is small and is lestiicted to the lainy season Foiii 
species of Anopheles occui in the lull jungle m Bengal, namely, A gigas vai 
simlensis, A aitkemi, A hndesayi and .1 annandalei, and none of them has 
neen known to tiansmit malaiia Owing to the ele\ation, how'evei, theie is 
little 01 no malaiia m the lull icgion and as such the question of the influence 
of the lull jungles on the local malaiia does not aiiso 

Submontane jungles 

Submontane jungles oceui thiougiiout the foot-hill legion m Bengal and 
covei paits of the Teiai on the west and the Duais on the east This tiact w'as 
at one time covei ed by dense natuial jungles of the type of the 'tiopical 
monsoon foiests' They have been oxtensivch cleaied foi pin poses of culti- 
vation of the land, chieflv foi tea plantations The submontane zone has a 
iich anophelme fauna and it is notoiious on account of its malaiiousness 

The question of Anopheles bleeding inside the jungles m the submontane 
zone has been investigated in some detail since it is not mfiequently that one 
heais of the unhealthmess of an aiea as being due to the pioxiinity of the jungle 
As the mattei is concerned with the health of a laige population consisting of 
laboui and staff employed in tlie tea industiy and in foiestiy, seveial aieas in 
this zone have been investigated in detail to obtain accuiate mfoimation about 
the anophelmes bleeding inside the jungles and those bieedmg m the cleaied 
aieas The results of these investigations aie discussed below 

1 A laige belt of jungle land ocems on the noith of Meenglas and 
Dahnkote, two adjacent tea plantations situated in the hypeiendemic aiea in 
the Duals This jungle is quite close to many of the laboiii lines of the estates 
and ogling the lamy season the jungle has numeious sti earns It was desned 
to asc^^'jn if the jungle was in any way lesponsible foi the high incidence 
of malaiia\n these estates The anophelmes bieedmg inside the jungle w^ere 
investigated ^img diffeient seasons foi seveial yeais and the species found 
within the jungiilw^eie A aitkemi, A ha'ihiiostns and A leucosphynis, 
mentioned specue bieedmg in stagnant pools A aitkem and A baibtiostns 
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■neie the only species found in sti earns within the jungle, out m the open, the 
same stieams neie found to bieed many othei species, foi example, 
A maculatub, A muumus, A jetjpoiensis, A cidicijacies, A jamest and 
A majtdi Tlie lunotuous foicst sjiecics bi ceding m the stieams m the jungle 
me leplaced, uhen tlic stieams emeige into the open, by species known to be 
malaiia tiansinitteis oi suspected to be such These obseivations aie mteiesting 
as showing how a jungle is jicifectly healthy in contiast to the open area winch 
IS decidedh nialanous Theie is fuithei suppoit to tins m the fact that the 
laboui lines situated closest to the jungle aie less unhealthy and have a lowei 
spleen rate than tliose situated in the centie of the plantation The explana- 
tion of this lies in the fact that in the case of lines situated on the forest edge, 
the bleeding of the cairier species occnis only on one side, while on the foiest 
side there is none On the othei hand, lines situated in the middle of the open 
area ha\e bleeding of the oaniei species oceuiiing on all sides 

2 ilvladaiihat m the Duais, situated in a dealing m the jungle area is an 
intenseh mahiions place Its population has been getting thinnei on account 
of the unhealthiness of tlic station and local opinion pointed to a jungle aiea 
m the vicinih of Madaiihat as being lesponsible foi the malaiiousness of the 
station A sviivev of the station aiea and its vicinity showed that in the open 
aiea outside the jungle, A vnmmxts, A xnactclatus, A cuhcijacies, A ftihgmosns, 
A sinensis, A vagus and A haibirostus w'eie quite common, while within the 
jungle, A baibvostns and A leucosphxjnis only w’eie found The anophehnes 
bleeding m the open include seveial species wdiich aie well-known earners, while 
the species found inside the jungle are not concerned w'lth the tiansmission of 
malana, at least so fai as India is concerned 

This investigation show's the mnocuousness of the jungle fiom the point 
of view' of output of caiuei anophehnes and as such, jungle cannot be legaided 
as causing the malaiiousness of the station The age of the jungle does not 
seem to pioduce any diffeience m legaid to the extent to which anophehnes 
bleed In this connection, jungles of vaiying ages, fiom five yeais onwaids 
to 25 years old w'ere investigated at Madarihat and at Sukna and they seem 
to behave entiiely alike in pi eventing the bieedmg of cariiei species 

3 Some detailed wmik was caiued out at Sukna, a small station in the 
Darjeeling Terai m the submontane zone, regaiding the influence of jungle on 
species of Anopheles Anopheles surveys of the jungle aiea weie carried out on 
several occasions during 1928 and 1929 and it was found duiing each of these 
surveys that the species of Anopheles found mside the jungle were different 
fiom those found m the cleaied aiea Inside the jungles weie found bieedmg, 
m streams A aithenu, A aitkenu vai insulcejloium and A baibirostns, in 
ditches and depressions A leucosphyucs, A mtkenii, A aitkemi vai insulce- 
floium and A baibvostns, and m tiee-holes A annandalei In the cleared 
area out m the open, these species were lepiaced by species like A maculatus 
A minimus, A macuhpalpis, A fuligmostis and A phihppmensis, all of which 
aie known transmitteis of malana If w'e follow up the course of a stieam, 



2G2 


Jimgle in UeJahon to BIciUdki in Benrial 

ifc IS easy to demonstrate liow m tlic open aiea malaua tiansmittmg species 
aie veiy common, while the same stieam inside the jungle bieeds an entirely 
diffeient set of anophehnes Whenevci defoicstation is earned out, the haim- 
less jungle species of Anopheles disappeai and a total change in the anophehne 
fauna of the water is bi ought about bv the clearing of the jungle 

4 Similai obseivation'=; have been made at other places close to Sukna 
situated in the submontane ^one, e g , Kadma, Bengdubi and Sevoke 

5 At Rajabhatklia\\a f.Ialpaiguii distiict), a locality notoiious on account 
of its malai loiisness and which has a spleen i ate of abo\ e 90 pei cent, it was 
interesting to find how at the edge of the jungle and the open area, heavy 
breeding of A macidatus and A immmns occuiied, while a few yaids within 
the jungle the bi ceding of these species stopped altogethci 

6 At Samsmg Tea Estate (Duais) nhich is at an clc\ation of 1,800 feet, 
a dense jungle exists on the noith and vest of the estate The jungle area 
was entirely fiee fiom A maculahts and A mvnmiis wdiicli weie found bleed- 
ing in the open aiea, the species of Anophele’i found within the jungle being 
A hndesayi and A aitkeni which aie not usually if evci associated with 
malaria On this estate, tlicie aie twm coolie lines, one winch is close to the 
foiest boundaiy on the north and the othci wdiich is situated m the centre of 
the plantation The spleen late of the lines neai the foicst is much low^ei than 
that of the othei lines and the foimci is decidedly the healtlnei one 

7 The District Medical OfHcei stationed at Rangamati, the headquaiters 
station of the Chittagong Hill Tiacts diew attention to the intense maiarious- 
ness of the station and expiessed his belief that a dense jungle close by was 
lesponsible for the high incidence of malaua at Rangamati He suggested that 
m the mteiests of public health, the jungle should be cut dowm and the aiea 
opened up in order to i educe the incidence of malaua In connection with 
this pioposal, a malaua survey of the station and the neighboinhood w'as earned 
out by me and showed that the place was veiy malaiious indeed I liad found 
the spleen index of childien wnthin the station to be 70 pei cent and it w'as 
as high as 90 pei cent in a village adjoining it An anophehne survey of the 
station aiea and of the jimgle showed that the jungle blamed on account of 
the malariousness of the locality was peifectly innocuous as legards breeding 
of earner species On the othei hand, wnthin the station itself tlieie were m- 
niimeiable bleeding places in the foim of seepages, streams and ponds winch 
were breeding anophehnes m laige numbeis, some of the species found there 
being well-known caineis, the species found breeding withm the station weie 
A km wan, A fuhginosus, A phlippinensis and A jamesi As a' lesult of this 
investigation, it was lecommended that instead of dealing the jungle as 
suggested by the local medical offieei, it would be advantageous not only to 
maintain the jungle intact, but even to extend it so as to cover all the valleys 
and theieby lendei the seepages and stieams unfit for the breeding of earner 
anophehnes 
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Mangiove jungles 

The Siindcibin jungle aica Avas investigated to dcteimine the anophelines 
bleeding Avithm the jungle aiea and the influence of the jungle on the local 
inalaiial incidence The Sundeibans is a maze of islands cut up by a network 
of tidal channels Put of the aiea has been clcaied of jungle and undei rice 
cultivation, while pait of it is still coveied by dense jungle As most of the 
land IS below spiiiig tide level, the aiea is subject to tidal flooding except where 
it IS aitificially piotected by means of embanlonents as in paits of the opened 
up aiei 

The Sundeiban jungle is a typical mangiove foimation and differs from 
other jungles discussed pieviouslj' both in the type of vegetation and its ecology 
The floia is chaiactciistic in that it consists laigely of species which are 
vivipaious, have stilt lOots and pncumatophoi es as adaptations against the 
flooding of the land and the absence of aciation of the soil The typical plants 
of this legion aie species of Rhizophoia, Cenops, Kandelia, Bruguiera, 
Lumnitzoa, Sonne) atia, Cmapa and ^Egicoas, besides Avicennia officinalis, 
Acanthus ihcifohus and the steniless palm Nipa fiuticans 

It IS only during exceptionally high spiing tides that the forest land is 
entuely submerged, but ordinaiily, it is only the lower legions of the forest 
that are coi'^eied by the flood Within the Sundeiban jungle, theie aie some 
shallow basins winch hold up biackish watei or sahne water and which are 
not affected by the tides These jungle swamps were investigated as well as 
the numeious small sti earns and channels within the foiest In none of these 
were any anophelines found although a thoiough seaich was made for them 

The staff of the Foiest Depaitment posted in the interior of the Sunderban 
jungle stay m small floating flats anchoied m creeks and channels Their 
rooms were searched for adult anophelines and it was surprising to find that 
no anophelines could be found even after a caieful search A class of forest 
W'orkmen knowm as the Boali live m the interioi of the Sunderban forest m 
isolated huts erected on piles A search wms made in a laige niimbei of these 
huts for anophelines and not even a single anophehne could be found m any 
of them 

These results aie in striking contiast to my experience in the cleared area 
The cleared land which is under cultivation is protected from the tides, which 
w'ould destroy the crops, by means of embankments alongside eveiy watercourse 
Within the cleared and piotected area, heavy breeding of A ludlowi and 
A subpicfyis often m association with A vagus was observed in almost every 
place investigated Breeding m these places is very heax'y and the number of 
adult anophelines veiy great The breeding places aie the collections of 
brackish water which cannot diain into the watercourse which may be quite 
close, since such drainage is prevented by the embankments protecting the land 
against tidal flooding The breeding being heavy and the number of breeding 
places being numeious, it is easy to explain the high incidence of adult 
anophelines in the Sundeiban cleared area One example may be given here 
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to illiistiatc tlic pie\aience of adult anopiielinc" Cattle aio not able to htay 
out aftci ‘^uiibct as they aic -^o heavily jicsteiecl by the mosquitoe> that they 
lun into the cattle sheds foi sheltei enily in the evening These cattle sheds 
aie so constuictcd as to bo capable of piotection against mo^epntoes They 
aie of the closed type and aie piovided with a few small window's usually 
scieened with mosquito gauze In addition to ■^iich piotection, almost every 
cattle shed is smoked in the e^enlngs to dtive aw’a\ the mosquitoes and the 
doois aie then closed These piocautions afloid the cattle tonsideiabie piotec- 
tion against the mosquitoes I ha\c not seen any othei pait of Bengal wheie 
so much piecaution is taken foi the piotection of h\c stock against mosquitoes 
It should be supeifluous to ‘'tatc that eveiy peison staMiig in this aiea, even 
the veiy pool, is piovided with a mosquito cm tain and the people take caie 
to get iindei the cuitain as eaih as possible aftei sunset The contiast 

between such a condition and the cntiic lmnulmt^ fiom anophehnes obscived 

within the jungle aiea is indeed most sti iking 

Whene\ei the wiitei, wliiKt cngagcfl in the sin\e% of tlic Sundcibans, 
halted foi the night wnthin the cieaicd aiea oi tiosc to it, the boat m w'hich 
he was staving was incaded b\ houles of .inojihehncs, mosth J ludloiti and 
*4 subpichts But when ho halted foi the niglit in tiic inteiioi of the jungle 
aiea he found no cMdence of am anoiihclines whatsocvei He took advantage 
of this e\peiience and ecen when engaged in a suney of the tleaicd aiea, aftei 
finishing the day’s sune} woik, he took the boat into the foiest aiea towMids 
the evening and halted foi the night in the inteiioi of the jungle and thus 
entnely avoided the anophehne‘5 

Although othei species of Anophclct, such as .1 bincnt>i6, A bcnbuobtiis, 

A fuligmosiis and A vaiiina aie found in paits of the cloaied aiea, A ludlowi, 

A subpictus and A vagus aie peihaps the most common sjiccics of the cleaied 
aiea Theie is no doubt that a consideiable amount of malaiia occuis m paits 
of the Sundeiban cleaied aiea and the malaiioiisness is undoubtedly due to 
A ludlowi 

In common with othei jungle aieas studied m Bengal, the mangiove jungle 
IS not associated w'lth any malaiia pievalence The piesent investigations show 
that the Sundeiban jungles aie icmaikablj fiee fiom anophehnes and theiefoie 
peifectly health} Actually, the jungle foi ms a definite piotection against the 
bleeding of A ludloui, the impoitant caiiiei species of the legion The cleaied 
aieas on the othei hand abound with this species and some paits aie veiy 
malaiious 


Discussion 

In eveiy type of jungle land investigated in Bengal, the anophehnes found 
bleeding wuthin the jungle aie entirely diffeient fiom those found outside the 
jungle in the cleaied aiea While the species found inside the jungle aie such 
as aie not usually found concerned m the tiansmission of malaiia, those that 
occui m the cleaied aiea are laigely species definitely mciiminated m legaid 
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to the tiansmisaion of inalana The juuglea as the piesent investigations show, 
avc perfectly innocuous and actually form a definite piotection against the 
bleeding of harmful species of Anopheles Immediately the jungle is cut down 
and the land exposed to sunshine the malana tiansmitting species of Anopheles 
commence to breed in places i\heie pie\iousl> theie was no bleeding at all or 
the bleeding was onlj' of such of the species as aie quite haimless to man 

The factois that account foi the diffeience in the anopheline fauna aie not 
ret clearlj understood Tlie inipoitant factoi that inhibits the breeding of 

the camel anophelines seems to be the dense shade that prevails inside the 

jungle and the absence of sunlight in its effect on the floia of the watei But 
this IS only a speculation as actualh nothing is known definitely on this point 
But ceitain obsenations seem to point to shade not being the only factor 
conceined in the inhibition of tlie open bieedeis inside the jungle I have seen 

some areas in the mteiioi of the Sukna forest where the water is exposed to 

the sun and conditions aie appaiently quite favourable foi the open bleeding 
species to establish themselves, but jet they are found theie A small clearing 
m the mtciioi of a jungle fai removed fiom human habitation and the exposme 
of the watei to sunshine without the modification of the jungle conditions caused 
b\ the piesence of human dwellings in the cleaiance so made, do not seem to 
make any diffeience in the anopheline fauna of the water If the clearing be 
made and liabitations are placed on the cleared land, the cariiei species stait 
breeding immediatelj The bleeding of the open breeder species thus seems 
to be connected with two factors (a) the factoi favourable foi the laiva, 
namelj, the exposure of the water to sunshine and the consequent changes 
brought about in the fauna and floia of the w'atei, and (b) the factoi favourable 
for the adult mosquito in the availability of man and his domestic animals to 
feed on A combination of these two factois seems to be necessary for the 
breeding of the open breeders Either of these two factors by itself does not 
seem to be enough 

Considered from the biological point of view", these observations on the 
mnocuousness, as regards malaria, of jungles seem to be perfectly natural 
The transmitters of an entirely human parasite such as the malaria parasites 
of man are, would ordinal ilj be species which are closely associated with man 
A species living aw'ay from man with v"ery little chance of feeding on man to 
any appreciable degree would not be expected to be responsible for the trans- 
mission of the parasite The species of Anopheles known to transmit malaria 
parasites m nature are all species closely associated with man or with his 
activities Jungle anophelines wdiich breed inside the jungle and noimally feed 
on jungle animals have ordinaiily vniy poor chances of obtaining human blood 
and much less chance of getting an infective feed of malaria Even if it should 
chance that some of them get an infective feed, the chances of transrmssion of 
the parasites to a human being are very remote It is impossible therefore to 
conceive of any jungle anophelines playing an appreciable part m the epidemio- 
logv" of malaria 
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The po&bibility of a ic&cnoii of infection of huinan malaria existing m 
wild animals and seiving to infect the jungle mosquitoes has been an obsession 
of the lay mind It is often thought on the analogy of the icseivon of infection 
of tiypanosomcs m wild animal in Afiiea, th.it it is possible that wild animals 
m the jungle tould similailv act as icsoivoiis fiom which jungle mosquitoes could 
get infected wnth malaiia and iian''mit the infection to human beings living 
inside 01 close to jungle Woikcia have fiom time to time attempted to 
asieitam if animals living inside foicsls haibom the human malana paiasites 
All these attempts to asceitaiii if the human malana paia&itcs exist else- 
wheie than m man haie been cntiiely negative In India, Donovan (1920) 
investigated the blood paiasites of monkevs, bat*?, squiricls and othei animals 
of the foiests m the submontane zone of the Nilgiii PIills and lepoited that the 
human malana paiasites aic not found m am of the vanous animals that he 
in\estigatcd Theie is little doubt at the picsent time that the thiec species 
of paiasites causing malana m man ate cntncK huinan parasites 

The investigations iccoidcd in the picscnt jiapei show not onlj that species 
of Anopheles which occui msidc jungle m Bengal aio haimlcss to man, but that 
jungle fonns a definite piotcction agam?;t the bi ceding of sjiecies capable of 
tiansmittmg malanal infection It would be haimful theicfoie to effect any 
extensive defoiestation wnthout taking piojici safeguaids by way of Anopheles 
contiol as by the opening up of foiest land, bieedmg places which have been 
haimle«s hitheito arc icndeied favomablc foi the bi ceding of caniei anophelmes 
These obseivations point to a pieseivation of all existing jungle and to exten- 
sion of jungle wdieievei feasible 
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The absorption spectra of blood seia m the ultia-violet legion was first 
studied in a systematic way by Judd Lewis {Pioc Roy Soc , B 89, 1916, 327) 
From the many samples of normal seia examined he obtained results which 
weie practically constant as legaids the chaiactei of the absoiption curves 
He also examined a numbei of pathological sera some of which showed abnor- 
malities These observations led us to begin an investigation in connection 
with diseases pievalent in Bengal We have made a beginning with kala-azai 
as already some peculiai physical and chemical changes have been noted on 
in this serum 

In 0111 expeiiments we used a Hilgei lotatmg disc sectoi photometei in 
conjunction with a Hilgei quaitz spectiogiaph and as a source of illumination 
a powerful condensed spaik between caibon electiodes impregnated with 
uramum and molybdenum salts in oidei to produce a laige numbei of lines 
throughout the spectrum specially in the ultia-violet legion The plates used 
were Ilford panchromatic (backed) and on each plate were taken twenty 
photographs in addition to the coppei spectium and a test band taken with 
the sectoi fully open and nothing mteivening in either path of light 

The serum before examination was fieed as far as possible from corpuscles 
by centrifuging until a cleai pale jmllow liquid was obtained It was then 
diluted -with (physiological) normal saline to produce a mixture of one pait 
of serum in fifty This solution was filled into a one cm observation tube 
fitted with quaitz ends A second tube was filled with normal saline solution 

( 267 ) 
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only and Ubcd £is a blank in one path of the bpectiophotometei, so that the 
obseivations made with the tube of bcuini 'solution placed m the other path 
expiess the absoiption of sciuin only 

The absoiption cuive nas plotted nith evtinetioii coefficients as oulmates 
and nave lengths as abscissie The na\e lengths at the points wheie two 
spectiogiaphs in juxtaposition ha\e equal mten&iticis wcic obtained with the 
help of a tiavelling inicioinetci b\ compaiing with the coppei aic spectium 
and calculating the leadings ot the micionietei on the basis of the law of 
dispel Sion of pusms 

Sevcial specimens of noimal blood scia wcic examined w'lth icsults which 
aic veiy ncaily constant The gcncial ehaiactei of the cuive is also in close 
agi cement with that iccouled by Judd Lewis (ibid) A\'e also examined many 
specimens of kala-UiSai scia kindly supplied to us by Di Napiei fiom the 
Tiopical School Plosiiital, Calcutta The cuncs obtained fioin the iattei weie 
also almost constant and quite compaiabic as a gioup The experimental data 
aie given in Tables I and II The \alue3 bi ought togcthci m the tables foi 
conipaiison aie the w'ave length ol the icgion ol gicatc''t absoiption in the 
band, ic, at the head, the wa\c length at the point of least absoiption in 
the band, i c , at the foot of the cuive in the dcpic&sion, the extinction 
coefficients (logl/lo) q, and tf at the head and foot le&pcctivclv of the ab^oip- 
tion band, and the latiooi / ff 


^ FAtmction coefficient at head , , , , -n a 

The ratio -;=r-r — i s 1 — r—? — r > "hicli i'- accoiding to F C Smith 
Extinction coefficient at foot 


{Pwe Roy Soc , B 104, 1929, 198) an index of puiity of a substance, may w’e 
think, be taken also as an index of the constancy of composition of the seia 
under investigation 


Txblb I 

Nonml blood so a 


Specimen 

> 

L,ENCTH 

Extinction 

COEFFICIENT 

q. / H 

No 

Head 

Foot 

Head ej, 

o 

o 

49 i 

2,780 

i 

2,540 

085 

0*45 

189 

50 

2,785 i 

2,535 

0-87 

0‘45 

r89 

51 

2,760 

2,540 

0-85 

0*45 

189 

52 

2,780 

2,530 

! ergo 

1 ; 

042 

19 

53 

2,770 

2,540 

0r85 

0-45 

189 

54 

2,780 

2,535 

0*80 

0‘45 

179 

Adopted 

2,780 

2,540 

0*85 

0*45 

1*89 
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Table II 
Kala-azai seia 


Specimen 

No 

I 

Ol Ll NTTH 

Extin mo V 

COEFFICIhNT 

«ii / U 

Head 

Pool 

Head £,, 

Foot tf 

59 

2,790 

2,510 

1 

1 10 

0 50 

22 

GO 

1 2,800 

2,520 

105 

0 50 

2 1 

61 

2,800 

2 530 

105 

0-47 

2-2 

62 

2,790 

2,520 

1 10 

0 50 

2’2 

63 

2,785 

2,520 

1 15 

cr55 

2-1 

64 

2,797 

2,515 

1 10 

0 50 

2-2 

Adopted 

2,800 

2,520 

1 10 

050 

2-2 


In the table foi noimal seia it will be noted that the figures exhibit a 
lemaikable regularity in the latio £,./ e, showing the constancy of com- 
position of the diffeient samples examined The same is also exhibited by 
the figures foi kala-azai seiura The extinction coefficients of noimal sera 
contrast stiongly with those foi kala-azai sera, the ratio £,, / £f for normal 
seia IS only 1 89 while that foi kala-azai sera is 2 2 The distinction is not 
in this ratio only, the extinction coefficients at the head and foot of the 
kala-azai sera aie fairly high as compaied to the normal sera, so that one is 
markedly differentiated fiom the other Again the wave lengths at the head 
and the foot of the curve though nearly the same aie yet cleaily not identical 
in both cases Still it is mainly in the magnitude of the extinction coefficients 

at the head and the foot of the curve that the difference between these sera 
find expression 

Two absoiption cuives (Figs 1 and 2) have been diawm one foi normal 
and the other foi kala-azai serum with values wdiich are deemed to be the 
nearest to the actual values The close semblance in form between the two 
curves would ordinarily signify a difference m concentration only of the 
serum but in Mew of the fact that there is a small but substantial difference 
in the ratio £h / ff a further explanation should be sought In all nroba- 
bihty the explanation for this diffeience lies eithei in some change in the 
chemical nature of the protein fi action of the serum or m some clian-e in the 
lelative concentrations of the constituent proteins as this fraction (Jud°d Lewis 
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Pioc Hoy Soc , B 1922, 178 and F C Sinitii, P>oc Roy Soc , B 104, 1929, 198) 
IS mamly lespoii'^ible fai the cliaiacteristic absoiption bands of blood serum 
Also ifc IS as ^\ell to eonsidei the facts noted by F C Smith {Biochem Jour , 
22, 1928, 1499) tliat the scium ultia filtiate has also its characteristic 
absoiption band and that the absoiption cune of the ultiu filtiate of a patho- 
logical SCI uni nas iound to deviate fioin tlie noiinal 

Apait fioni the theoietical side of the jihenomenon we weie paiticularly 
mteiGsted in the suggestion made b> Judd Lc\m- 3 that this method might have 
a clinical application of piactical value UnfoitunateH the method ot calcu- 
lating out the actual na\e lengths of the dtfteieiit points m the cmve is 
laboiious and tedious To simplify this ne liave pi ejected the negative of 
the spectiogiaph using an enlaigei on to a sheet of white papei and maiked 
out on this SCI ceil the points wlicie ain pan of spectiogiaphs have equal 
intensities This is a compaiatneh simple and lajnd piocess as the enlaige- 
ment comes out in good pio^pectne 

In the cases of kala-azai seia thnt we have studied the difteience from 
the noimal is so well bi ought out that it is aiipaient to any casual obseivei 
We ha\e given two '<uch plottings (Fig 3) taken liom the noimal and the 
kala-azai seia against extinction coefficients and a wa\c length scale The 
oiiginals weie taken fiom tlic spectiophotographs of the two seia successively 
on the same piece of papei, the enlargement thiough the enlaigci being equal 
in both cases and weie subsequenth i educed foi convenience m lepi eduction 
to about one-fifth the actual size b^ pliotogiaphing these aftei maiking out 
the points wnth Chinese ink 

We have also given tw'o actual spectiopliotographs iMth the points of 
matching maiked on them (Plate XXV, figs 1 and 2) 

AVe aie indebted to the Indian Reseat eh Fund Association foi supplying 
us with funds and to the Deiiaitment of Physics, Piesidenc> College, Calcutta, 
foi allowing us to use then tia’ielling miciometei foi ineasuiing wave lengths 


SlMMARi AND CONCLUSIONS 

The absoiption ciiive foi noimal blood seium has been found to be almost 
identical with that obtained bv Judd Lewis 

The absoiption cmve foi kala-azai blood seiiim is distinctly diffeient 
fiom that foi normal seium 

This vauation is due not to a diffeience in the concentiation only of the 
total piotein of the seium, but piobablv to some change in the chemical natiiie 
of the pioteins oi to some change in the lelative amounts of the constituent 
pioteins 

A simple and lapid method for compaiing two spectiophotographs 
consists in piojectmg the plates on to a white papei and maiking out the 
points of matching 
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Fig 2 Kala-azar Blood Scrum 
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Some of the constituents of the mine aie piesent in solution in gieatei 
concentrations than can be obtained in puie water and it is geneially supposed 
that some special raechamsm is necessaiy foi the prevention of then precipita- 
tion The mechanism is commonly supposed to be the urinary colloids, which 
either by adsorption to the insoluble ci>stalloid oi by the adsorption of the 
crystalloids to them, prevent visible precipitation The urinary colloids are 
supposed to be the chief — or one of the chief — factois m the formation of 
urinary stones The arguments are well put by Joly, ‘ Stone and Calculous 
Disease of the Urinary Organs' (1929), London — 

‘ The solubility of the urinary crystalloids — ^It is well known that the 
stone-forming salts present in the urine are all sparingly soluble We must, 
therefore, inquire whether they are in a state of simple solution or whethei 
some special mechanism is necessary to prevent their precipitation 

If we look at the question from the point of view of pme chemistry, the 
first point that arrests our attention is that normal urine i=> always a strongly 
supersaturated solution For example, 0 56 mg of anhydrous calcium oxalate, 
containing 0 351 mg of oxalic acid, can be dissolved in 100 c c of water This 
corresponds to 5 265 mg in 1,500 c c , yet the daily output of oxalic acid in 
the urine is from 15 to 20 mg Normal mine therefore contains this substance 
in a strength which is from thiee to four times the maximum concentration 
obtainable m pure water In pathological conditions this proportion can be 
gieatly exceeded Umber (quoted by Lichtwitz) recorded a case of oxalic acid 
poisoning in which the urine held m solution sixty-eight times as much calcium 
oxalate as could be dissolved m an equal quantity of water The same applies 
J. MR ( 275 ) 19 
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to uiic acid At a temperatuie of 37°C 1 g of uuc acid is soluble in 25 lities 
of watei, yet appioxiraately this amount is excreted in the mine every day 
The solubility of uiic acid in uiinc is fiom ten to twenty tunes gi eater than 
in puie watei 

These spaiingly soluble uiinaiy salts do not theiefore obey the ordinal y 
laws of chemical solutions, and we must look elsewhere for an explanation of 
then abnormal solubility It depends on the piesence ot certain colloids in 
tlie mine This can easily be shown by dialysis If a specimen of mine is 
dialysed thiough the membiane of oidinaiy paichment paper against a large 
quantity of watei, the crystalloids will diffuse through the membiane, while 
the colloids will be left behind If tins solution of the unnary ciystalloids is 
slowly evaporated down, it will be found that a copious deposit forms long 
before the solution is concentiated to the oiiginal volume of the mine This 
deposit consists of a mixture of uiic acid, calcium oxalate and calcium phos- 
phate Again, it IS impossible to make an “ artificial urine ” by mixing together 
the various urinary civstalloids m the proportions m wdnch they aie found in 
normal uiine Such a mixtuic always throws down a deposit The abnormal 
solubility of the stone-foiming salts is theiefoie a consequence of the piesence 
of certain colloids in the urine ’ 

The argument that because certain slight soluble constituents of the urine 
dissolve more readily m urine than m pure water, seems to be a poor reason 
for supposing that the urinaiv colloids aie the cause Urine contains many 
othei substances besides the colloids which may effect the solubility Uric 
acid, foi example, is well known to dissolve more readily in the piesence of 
many substances, amongst others, phosphates, which are always present in 
urine Further, uric acid in the mine does not exist entirely as uuc acid It 
IS undoubtedly partly in the form of salts, and these presumably pai tly ionized, 
and perhaps some of it is in other unknown combinations The same applies 
to calcium oxalate — oi rather since calcium ion is undoubtedly present m mine 
in large excess — ^to the oxalate ion 

The arguments, on the other hand, fiom the results of dialysing urine aie 
cogent and fairly convincing The experiments described m this paper were 
designed to test them 

A number of experiments were made to determine the effect of various 
colloids (soluble starch gelatin, serum albumen and milk) on the solubilities of 
uuc acid, calcium oxalate and earthy phosphates in an artificial mixfiue of 
salts, of similar composrtron to urine These experiments are not given in 
detail as they are open to the objections (1) that the colloids used were not 
unnary colloids, and (2) that the inixtme although similar to mine, differed 
from urine in many respects besides the absence of colloids The results of 
these experiments weiie that of the colloids tried none had any influence on 
the solubilities of any\of these three substances 

A senes of experiments were made with different samples of normal mine 
to determine how the uuc acid distiibuted itself on dialysi? between solutions 
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mside and outside the dialysis sac If mic acid, as an example of an insoluble 
uimary constituent, is held in solution by the piesence of colloids, presumably, 
it must be eithei adsoibed on the colloid pai tides, oi the colloid must wrap 
itself lound the molecules oi pai tides of uric acid, and m either case one would 
expect its diffusibility to be done away with oi diminished 

Foi these experiments collodion sacs of about 20 c c capacity were used 
They weie made fiom ordinal y collodion and consideiable difficulty was 
expel lenced m getting sacs which were stiictly semi-permeable, i e , let through 
ciystalloids and at the same time prevented the passage of colloids The 
peimeabihty as is ^^ell known depends on the amount of diying and with this 
collodion it was found necessaiy to diy the sacs foi over an hour in a stream 
of specially diied an A small appaiatus (vide sketch) was devised to do 



this and when it was used the sacs for the most part turned out satisfactory 
The sacs weie supported by being tied on to pieces of large bore glass tube 
covered with rubber and were suspended m small beakers of such a size that 
15 c c of liquid inside the sac rose to the same level as 15 c c of liquid outside 
Before and after each expeiiment the sacs were tested by dialysing 15 c c of 
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a mixtiuc of soluble staicli and sodium cliloiide solutions against 15 cc of 
watei, for 24 houis A sac A\as con'^ideicd satisfactory if at the end of that 
time no staicli was found in the dialysntc and the concentiation of chloiide 
was the same (within 1 pei cent) in both the outside and inside solutions 

The icsults of five expeiiments, each on a diffeient normal urine, are shown 
m Table I In each cxpeiiment 15 cc ot iiime w'cie dialysed against 15 cc 
of watei — a pinch of thymol being added with the intention of hindering bac- 
teiial decomposition, though fiom the use in pH m all the expeiiments some 
decomposition must have occuiied Aftci dialysis the concentiations of uric 
acid outside and inside the sac weic dctei mined by Folin and Denis’ coloii- 
mctiic method In each e\peiimcnt the concentiations of uric acid weie the 
=:aine (within the cvpciimental ciioi) within and without the sac, indicating 
that adsoiption if any between the line acid and colloids in noimal mine is 
of the loivest kind The expeiiments lend no suppoit to the view that unc acid 
is held m solution by the colloids 


Table I 

Shoiiing distnbution of uiic acid inside and outside the sac on the dialysis 

of mine 


Duidtion lu 
liours 

1 

1 

1 

In&ide 

1 

! 

Outside 

pH 

PiioPoimoNs OP unic 

VOID 

Before 

dialysis 

After 

dialysis 

Inside 

Outside 

20 

1 

1 


' 65 

6*4 

48 

52 

18 



1 59 

6’8 

52 

48 


^ 15 c c of 

15 cc 

1 




44 

urine + 

water 

55 

69 

49 

51 


thymol 






44 



55 

7*0 

49 

51 

44 

1 

j 


55 

68 

50 

50 




i 

Mean 

50 

50 


The most conclusive of all these experiments weie a senes m which mine 
was dialysed against watei In each expenment 20 cc of mine w'eie dialysed 
foi 24 horns against 20 c c of watei By this means the colloids weie confined 
to the solution inside the dialysis sac while the crystalloids distnbuted them- 
selves about equally betiveen the inside and outside solutions After the 
dialysis both the inside and outside solutions were caiefully evaporated on a 
watei-bath to 10 c c each, so that the crystalloids m each of the paits weie 
now at the same concentration as in the original urine, while all the colloids 
of the oiigmal mine remained in the inside pait, The pH was taken at each 
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stage of the piocess When the evapoiation was complete note was taken of 
any piecipitation which had occuiied, and in the event of piecipitation having 
occuiied m the outside solution (mine fiee fiom colloid=) the change in pH 
leqiiiied to cleai the solution was detei mined 

In these experiments Schleichei and Schull’s dialysis thimbles, of about 
40 c c capacitj , were used The thimbles were supported by being tied on to 
coiks and weie suspended in small beakers of such a size that 20 cc of liquid 
inside lose to the same level as 20 c c of liquid outside 

Each sac was tested befoie and after each expeiiment for its non-peime- 
abihty to soluble starch and foi its complete peimeability in 24 houis to 
chloride ion When the sacs were not m use they weie soaked in dilute sul- 
phuiic acid to prevent the growth of moulds, and before use they weie washed 
thoioughb with dilute ammonia and watei till neutral (except in Expeiiments 
III and VIII) 

At the conclusion of the dialysis the inside and outside solutions were 
tiansferied to test tubes graduated at 10 c c and evaporated m these ^ In some 
of the expeiiments in addition to the two parts into which the mine was 
separated by dialysis anothei test tube was put up containing 10 c c of 
undialysed uime and 10 c c of water and this mixture evaporated along with 
the lest The results of nine experiments are shown in Table II 

Table II 


Summaiy of experiments on the dialysis of unne 


Experiment 

pH of 
ongmal 
urine 

Inside 

pH 

Outside 

pH 

Undialysed 
urine + 
water 

pH 

1 

I 

56 

Cloudy 

61 

Clear 

6-2 

Cloudi 

59 

] 

II 

56 

Cloudy 

61 

Clear 

62 



\ 

III 

56 

Cloudy 

52 

Clear 

5-3 

Clear 

56 

1 

IV 

56 

! Clear 

52 

Clear 

5-3 



i ^ 

53 

Cloudy 

74 

Clear 

74 



1 VI 

53 

Cloudy 

74 

Clear 

74 




VII 

55 

Cloudy 

6-8 

Cloudy 

68 




VIII 

6S 

Clear 

52 

Clear 

52 

Precipitate 

6-8 


IX 

54 

Clear 

68 

Clear 

68 

Clear 

68 


The same urine was used for those experiments bracketed together, viz 
I ana II, III and W, and V and VI In Expeiiments HI, W and VIII the 
sulphuric acid in which the sacs had been soaked was not entiiely washed out 
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and the mcicase in acidity after dialysis is due to this In Experiments V and 
YI, on the othei hand, the sacs were iinsed with dilute ammonia and the 
diminution in acidity aftci dialysis m these expeiiments is paitly, if not 
cntiiely, due to this In Expeiiraent IV, aftei evaporation, the chlorides were 
determined in the inside and outside solutions, to make suie that the time 
allowed was sufficient foi the diflusible ions to distiibute themselves evenly, 
and the ratio of their conccntiations weic found to be 51 to 49 In Experi- 
ment VII, in which both inside and outside solutions weic cloudy aftei evapoia- 
tion, with a pH of 7 4, this cloudiness was completely cleaicd up by the addi- 
tion of dilute acid till the pll came to 5 5 — its value in the original urine In 
Experiment VIII, in which an oiiginally vciy slightly acid mine (pH 6 8) was 
made distinctly acid (pH 5 2) befoic dialysis, the icsultnig solutions still 
lemained cleai on adding alkali till a pH of 6 8 was i cached but became cloudy 
on mcieasing the pH to 7 4 The undialy&cd mine used in tins expeiiment 
gave a piecipitate of phosphates on heating and lequiied acid till its pH reached 
5 4 before this cleared up In Experiment IX the change m pH from 5 4 in 
the oiigmal mine to 6 8 aftei evapoiation was not due to any added alkah 
but was due to the heating The mine itself cithei alone or diluted with 
watei showed the same change aftei heating to 95°C foi half an houi 

It will be noticed that precipitation occuued moie often in the inside 
liquid (containing the colloids) than in the outside Wheie piecipitation did 
occm in the outside liquid the solution was completely cleaied by lestoimg the 
pH to its value m the oiiginal mine The behavioui of both the inside and 
outside solutions as legaids precipitation seemed m each expeiiment to lun 
exactly paiallel and to be dependent onl> on the pH and have nothing to do 
with the piesence oi absence of the uiinaiy colloids 


Summary and conclusions 

Against the aiguments for the theoiy that the urinary colloids aie the 
mechanism by which ceitain difficultly soluble constituents of the mine aie 
prevented fiom piecipitating, the expeiiments desciibed in this papei have 
shown — 

1 That no evidence was got that other colloids (staich, gelatin, seium, 
albumen and milk) had any effect on the solubility of such constituents (mic 
acid, oxalates and phosphates) in an artificial mixture of salts leseinblmg 
urine 

2 That on the dialysis of normal mine the mic acid distiibuted itself 
evenly on both sides of the dialysis membiane This shows that the uue acid 
IS not firmly attached to the colloids 

3 That if noimal mine was dialysed and the dialysate evapoiated to the 
concentiation of the original urine no precipitation occurred if the acidity was 
kept at, 01 lestoied to, its original value A cleai solution of all the crystalloids 



C Neiucomb 


381 


(including the uiic acid, oxalates and phosphates) in then original concentra- 
tions could be got in the absence of colloids, so long as the acidity was kept 
the same 

Normal urine undoubtedly contains colloids, but it is very doubtful if 
these have any consideiable influence on the precipitation of such constituents 
as oidinaiily go to foim uiinary calculi 
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Introduction 

A PRELIMINARY stucly of the diets of patients suffering fiom pernicious 
anaemia of pregnancy suggested that certain dietetic faults might be causatively 
related to this disease With a view to investigating this possibility furthei 
a large scale dietetic and hygienic survey of different classes of women in the 
city was carried out and the results will be piesented m this paper 

Classes op women investigated 

Women of the childbearing age only were investigated The following 
classes were surveyed 

A Healthy Hindu women of the middle and professional classes — These 
were studied as a contiol for the hospital class of women 

B Women of the hospital class belonging to all the diffeient communities 
in the city This class was subdivided as follows — 

Gwup I — 70 healthy women recently delivered of healthy, hving children 

Group II — 25 women recently delivered of premature children but other- 
wise appaiently healthy 

Cases with any othei abnoimality, eg , severe anaemia, weie excluded as we 
wished to investigate only those cases in which the cause of premature bmth 
was unknown 


( 283 ) 



284 Studies in Peimcious Anccmia of Pngnancy 

Gioup III — 20 Hindu mill-woi Lei s — ^These women are only lepresenta- 
tivc of this one class of mill-woikei and gcncialuations as to nnll-woikeis as 
a whole cannot be made fiom the observations obtained all statements refei 
stiictly to tins one class of woiker 

Gioup IV — iO old cases of ‘ penuaous aniEnna of piegnancy ’ — ^These 
cases had been dischaigcd impiovcd fiom hospital and at the time of obseiva- 
tion weie m sutriciently good health to puisiie then noimal occupations, chiefly 
housewoik 

Among the hospital class studied theie wcic women belonging to the Hindu, 
Mohammedan, Chustian (Goanese), Bene-Isracl and Paisee communities 
Both meat-eateis and vegctaiians weia thercfoic included m this class 
With the e\ception of some of the mill-woikcis and a few women who were 
mail led to men who weie out of i\oik the women w'cie not of the poorest classes 
and in fact many w'eie wives of well-to-do shop-keepers and tiadesmen and 
weie comfoitably off 

Blood counts 

The members of Class A (bettei class noimals) have an average red cell 
count of 4 885 millions pei c mm and an aveiage white cell count of 4,890 per 
cram The Ineraoglobin estimations m this class w'cie faulty and have been 
excluded from the senes The aveiage led cell count, 3 86 millions of all the 
hospital groups togethei (Class B), is significantly low'ei than that of the bettei 
class controls Consideiing each gioup sepaiately and compaiing w'lth the 
hospital contiols (Gioup I) (Tables III and IV) it is seen that there is no 
‘Significant cliff eience betw'een the mean red cell counts of Gioup I and II 
(contiols and piematuies) but that m Groups III and IV (mill-w’oikeis and old 
anaemias) there is a significant low'eiing The hannoglobm values of the four 
groups weie 9 6, 9 5, 8 61 and 8 1 giammes per cent respectively Majoi 
Sokhey in a personal communication has given us the figures for his series of 
roimal Indian women and m thi«! papei these values are used as standards 
His standard values are 4 5 millions red blood cells pei c mm and 12 99 giammes 
haemoglobin per cent Using 5 00 millions as the standaid blood count foi 
convenience and 12 99 as equivalent to 100 pei cent hamioglobm, the colour 
indices of the four hospital groups are 0 92, 0 945, 0 89 and 1 04 respectively 
These figures indicate that with the possible exception of the mill-woikeis the 
counts and haemoglobin values are reduced proportionally The white cell 
counts (Tables III and IV) show no very definite change but are low normal 
values These low values aie very constant and m the hospital control group 
the range is very small, further work is needed to elucidate the significance of 
these findings 

I Dietetic survey 

1 Method * — The method of survey is as follows — (1) With the excep- 
tion of bettei class control cases who weigh and record the food eaten at every 
meal foi 5 days, the women are visited m then homes on five consecutive days 


* Elaborated with the help of Colonel McCarnson 
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This IS essential when dealing with women of the hospital class in this country 
as they aie incapable of giving an accurate account of what they eat and 
dunk 

(2) A careful record is made of all food bought and as a check a note of 
iihat the noinan actually ate heiself duiing the piecedmg 24 hours The 
greatest patience is needed and leading questions should be avoided Pood 
bought by the month must be noted as well as the daily maiketings The 
actual weight of food bought is lecoided, and when articles of diet aie bought 
bj volume the weight of the standaid volume of each food-stuff so bought must 
be detei mined It is essential to get the confidence of the household, or 
eke inaccurate information will be given, and absuid figures obtained 

(3) The amount eaten daily is calculated as follows — (a) Individual items 
sucli as iniUc or special food eaten by the women only are lecorded with 
quantities consumed (b) Items shared by the family are assumed to be eaten 
in the following proportions (Lusk’s coefficients) male ovei 14, 1 00, female 
over 14, 0 83, child 10 to 14, 0 83, child 6 to 10, 0 70, and children under 6, 0 50 
The number of persons sharing the food must be known and it is essential 
to lemember that individuals other than the immediate family frequently share 
Food bought daily is measured in this proportion but foi articles bought by 
the month the monthly amount is divided m the above proportions and the 
daily consumption calculated The family’s combined income should be used 
as check on the calculated food consumption The daily average intake is the 
mean of the total intake for the 5 days 

The daily intake of different items of food being known it is easy to cal- 
culate from published tables (Schall and Heisler, 1917 and McCarrison, 1928) 
the pioportion of carbohydrate, piotein and fat consumed, the propoition of 
animal and vegetable products and the calories used 

In addition to the above some method of assessing the intake of vitamins 
A, B and C is wanted, vitamin D is assumed to be obtained largely from 
exposure to sunlight Foi this purpose purely arbitrary figures were given to 
each common food-stuff to express their relative richness in vitamin content, 
and the total richness m vitamins of each diet calculated by the addition of 
these figures This method is purely arbitrary but as the food-stuffs are, with 
certain exceptions to be noted later, common to all the groups, it affords a fair 
means of contrasting the vitamin content of the different diets Table I gives 
the figures used Those for milk will piobably be criticized as too low but the 
values are purposely given as m Bombay the milk is very adulterated and m 
addition all classes boil the milk for long periods The milk used by the 
better class women is assumed to be less adulteiated than the ordinary bazaar 
milk The arbitrary \alue gi\en for pure ghee is intentionally comparatively 
low, but the antimony trichloride test even in good samples suggests that the 
vitamin A content is low either because of the method of preparation or because 
of the condition of the cattle In Tables III and IV it will be seen that there are 
two columns for vitamin A The first column is calculated on the assumption 
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Table I 

A)bit)(uy valuer to indicate relative uch)iei,\ in ‘vitamin content of 1 oz 

food-stuff’ 


A 

1 

B 

C 


/ 5 0 Better class 

10 

CrO 

Milk* 

1 contioN 


j 2 5 All othei 

05 

0*0 


1 cl is^e- 



Cdicc md butter 

20-0 



Atta, Bairec 

2-5 

10*0 


Polished rice 




Pitm 


, 5 0 


Dhal and gram 

30 

1 

1 15 0 


Roots othei til ui ciriots 


50 

10*0 

Greens and tomatoes 

5 0 

50 

200 

Non-green \egctablcs 


3-0 

10*0 

Oianges 

30 

30 

25 0 

Other fruits 

1 

3-0 

10-0 

Eggs 

15 0 1 

10*0 


1 

Meat chicken, fish 1 


1*0 


Liver 

15*0 

15 0 

50 

Coco-nut j 


7 5 j 



* Boiled Much ftdulteiated 

that all the ghee contains vitamin A, in the second, the figuies aie conected 
foi the actual peicentage of ghee consumed that was found, by the coloiimetiic 
test, to contain Mtaram A (see Table II) The bettei class women geneially 

Table II 

Ptesence oi absence of vitamin A in samples of ghee as judged by the 

colonmetnc test 


PnFsnNT , Absent 


Class 01 us< ! 

V 

No of 
samples 

1 

No 

Pel centage 

1 No 

i 

Percentage 

A Better class i^ntrolV 

1 

16 

13 

SO : 

1 ^ 

20 

B I Hospital consols 

\ 42 

21 

50 

j 

‘ 21 

; SO 

II Mothers of ^pre- 

\ 14 

7 

50 

7 

50 

mature babi^ 

IV Cases of aniBi&a 

\ 

4 

26 

11 

74 
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made then own ghee and 80 pei cent of the samples tested gave a positive 
reaction with the coloiimetiic test, wheieas the ghee used by the hospital classes 
is grossly adulteiated The figuics given aie on the side of generosity as any 
ghee that gave the slightest colour leaction was given full maiks foi vitamin A 

Standard adopted 

The lesults of the suivey of Class A (healthy Hindu \\omen) aie taken as 
noimal standaids, and the othoi gioups (Class B) contrasted with these In 
addition the lesults obtained fiom the noimal hospital cases aie taken as a 
normal standaid foi the hospital class of nomen, as it is the differences between 
the different groups in this class that aie impoitant in detei mining the dietetic 
faults that may underlie the diffeient clinical entities studied 

Results 

1 The Nahae oj the food consumed — See Table V 

Class A — Better class contiols — ^iVIembers of this gioup eat both lacto- 
vegetarian and mixed diets Milk and milk products figure adequately in the 
diet and are a good souice of vitamin A Polished iice and wheat are the 
staple ceieals, iice predominating The maximum daily intake is 7 0 ozs 
lice and 11 3 ozs wheat, but the aveiage daily consumption per person is 4 ozs 
lice and 3 7 ozs wheat A small amount of dhal is usually taken daily The 
amounts of fruit and vegetables eaten is high insuring an adequate intake of 
mineral salts The mixed diets contained small quantities only of meat, fish 
and eggs, so that the bulk of the calories are obtained fiom carbohydiates and 
fat, of which the lattei is eaten in large quantities 

Class B — ^It can be said of all the groups in this class that the amounts 
of milk and milk pioducts and of fruit and vegetables, and therefore of the 
mineral salts, m the diet are very low as compared with those of the better 
class controls Fats too, both animal and vegetable, are taken m much smaller 
quantities The mam bulk of the calories are obtained from carbohydrate, 
more especially from the cereals of the diet Theie are striking differences too 
between the nature of the cereals eaten and the composition of the diets of the 
different groups in this class 

Group I — Nonnal hospital contiols — ^The diets eaten by members of this 
class contam a small and fairly constant supply of milk and ghee, both however 
of very mferior quality The fat intake, both animal and vegetable, is less 
than half that of the better class control cases Cereals are however eaten in 
much larger quantities, polished rice again forming the staple cereal with the 

addition m certam cases of small quantities of patm (whole rice), wheat ^this 

gram sometimes m fair quantities, — ^white biead, and bajree in exceptional 
cases A small quantity of either dhal oi giam is generally taken daily Sugar 
m fau quantities is eaten The supply of fresh frmt and vegetables is low 
The majority of the cases eat a small quantity of meat and fish, not generally 
daily, and sometimes an egg 
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The diets of the mcmbcis of the diffcicnt communities do not diffei very 
maikedly but bioadly speaking it can be stated that (1) the Hindus eat the 
bettoi giams, (2) the Chiistians (Goanese chiefly) eat polished iice and white 
biead as then staple ceieals, and these with the addition of a little meat and 
fish foim the basis of then diet which is pooi and ill balanced, (3) the Moiiam- 
medans eat less mixed ceieals and inoic white bread and aic gencially meat 
eateis 

In compaiison with the hospital noimals the next two gioups show ceitam 
\civ distinct difleiences, whcioas the findings m the othei gioup (old anicniia 
cases) agiec veiy closely with the hospital noimals in the type of food eaten, 
though ceitain qualitative differences will be discussed m the next section 

Gioup II — The diet of the women recently delivered of piematuie infants 
IS very constant, the chief chaiacteiistic being the extremely poor quality of 
the ceieals eaten, iice and white bicad foiming the staple articles of diet, 
whatevei community the w'oman belongs to The next section wnll show that 
the actual caloiy intake and especially the piopoition obtained fiom fat is 
highei than that of the contiol senes but that the diet is very faulty because 
of the poor ceieals eaten 

Group III — The mill-woikeis’ diet on the othci hand is characteiized by 
the veiy laige ceieal intake, wdiich includes a veiy high poicentage of bajree 
and a good deal of patni, so that the quality of the ceieals is good compared 
with the othei gioups The intake of milk and ghee is negligible and the total 
fat intake veiy low Fish foims a constant item in the diet and about 50 per 
cent of the cases aie meat eateis, but both these items aie eaten in small 
quantities The intake of fiuit and fresh vegetables is low 

2 Analysis of food consumed 

The diets eaten expiessed in teims of caibohydiate, piotem and fat, with 
the total caloiic values and aibitiaiy vitamin figuies aie given in Table III 
Table IV shows the differences between the classes and the significance of the 
differences the uppei figures in this table aie the actual diffeiences and the 
low'd expiess the significance The diffeiences aie assumed to be significant 
when the lowei figure is 3 oi moie and probably significant when over 2 This 
figure IS obtained by dividing the diffeience of the means of the two gioups 
by the square root of the sum of the squares of the standard errors 

(a) Comparison with hettei class contiols (^) — ^The most striking featuie 
IS the marked difference between the better class controls and all the other 
gioups As compared with this class all the hospital gioups are — 

1 Under -caloiied 

2 Relatively low in both total and animal protein 

3 Markedly deficient in both total and animal fat 

4 Deficient in all 3 vitamins but especially in vitamins A and C 

These differences (see Chart) must be considered m gieatei detail 



Table IV 

Ditjerences between gioups studied and the significances of the differences 
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(1) The low caloiic \alue i'« due laigelj to the extiemely low fat intake, 
in Oioup HI Imill-woikeis) , howevei, wheie the fat intake is veiy maikedly 
leduced and the animal fat consumed negligible, the calon deficiencj" is partly 
compensated bj the enormous amount of ceieals eaten 

(2) The total piotein is significanth’’ reduced in all classes except the 
hospital contiols where it is only piobabh significantly reduced In both 
Gioup III fmill-woikeis) and Gioup IV (ana?mia‘?) the animal piotem is also 
significanth i educed, especially in the former gioup w'heie the mean daily 
consumption is only 8 grammes a dai 

(3) The fat deficiency in the hospital class is leiy marked, especially m 
the diet of the mill-woikeis In the othei thiee gioups though the fat, both 
total and animal, is yei\ much leduced the reduction m the piopoition of animal 
fat IS not so cxtieme as m the diet of the mill-w'oikeis, wheie it is only l|13th 
of the total fat instead of neaih m the better class contiols and less than 
4 but greatei than lj3 m the lemaining gioups 

(4) The yitamins A, B, and C writh the exception of the yitamin B in the 
nnll-woikeis gioup, aie all pie«ent m iei\ significanth decieased quantities 
The low'd yalues are due largely to the small amount of milk and milk pio- 
ducts and fiuit and yegetables in the diet and to the leplacement of unmilled 
giams bj white bread and polished iice The milk and ghee are also giossly 
adulteiated so that their A content is low' and the method of pieparation of 
the ghee and the custom of boiling the milk foi a considerable peiiod further 
reduces it Vitamin C is low because of the small quantity of fresh fruit and 
yegetables eaten The amount of B yaries laigely w'lth the giains consumed 
and as the better-to-do classes tend to eat more and moie polished rice and 
w'liite biead, it is these classes that aie deficient in this yitamm, w'heieas the 
iinll-woikeis who eat large quantities of unmilled bajiee (peail millet) and a 
good deal of unpolished rice (patni) haye an adequate supply of B in their 
diet though it is probablj significantly low'er than that of the better class 
controls 


(b) Companson with hospital controls 

If the hospital groups aie compared, using the hospital contiols (Group BI) 
as a standard, ceitain diffeiences aie seen The total piotein yalues m the 
foiii diets die not significantly diffeient, though the mean intake in the old 
ancemias class is piobabl> significantly low'eied But the proportion of animal 
piotem eaten yaries maikedh m the foui gioups The cases m Group II 
(piematuies) eat piactically the same amount of animal piotein as the control 
gioup but the mill-w'oikeis’ diet has onh about half and the diet of the old 
aniemia cases onlj about thiee-quarteis of the standard amount, so that the 
yalues in both these gioups aie yeiy significantly low'eied 

The mean yalues for both total and animal fat consumed do not differ 
sigmficantlj fiom the standard yalues with the exception of those of the 
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inill-woikci gioiip 111 this j'unii) the fat consumption i> amaiCingly low— the 
animal fat intake actuall) onh a\ei aging 2 gun" a ila\ 

The caloiy values of the diets aie not significantly diffeient, though owing 
to the vaiying piopoitioiis of the thice gioups ot lood-stufts, the taloiies aie 
dciived lioiii difteient soiuces, m the ta&e ut the iiuil-luuuls vciy hugeh lioiii 
caibofiydiates 

The diftei’ences^in the vitamin values aie aKo mteiestmg As stated 
above, all the values aie low in tompausoii with the bettei class normals but 
theie aie ceitam diffeicnccs in the hospital gioups that must be noticed Using 
uncollected A values the only gioup that shows a significant difteience in its 
vitamin A intake is the null-woikei gioup ft, howcnei, collected values foi 
A aie used the tuilues aie alteied, with the exception of those of the mill- 
woikei gioup w’hich does not depend on ghee loi \itainin \ As a lesult of 
these changes the value foi this gioup is no longei significantly low'eied lela- 
tively to the standaul foi collected A, but the value foi the pieinatuie gioup 
IS piobably significanth lowei Using eitliei set of vitamin A figuies, theie 
IS no Significant diffeience between the value foi the hospital contiol gioup and 
that foi Gioup IV (old antennas) The position is leccised as legaids vitamin 
B, the onh gioup showung am significant difteience is Gioup II tprematuies) 
wheie the vitamin B in the diet is maikedlv leduced owing to the pooi quality 
of the ceieals eaten The diets of both the iiull-w'oikeis and the old anemic 
cases aie sigmficantlv low m vitamin C as compaied wutli the hospital contiol 
value 

Considering the thice Mtaniins togethei and using the hospital contiol 
values as standaicls, Giouji II (ineniatuics) is absolutely deficient m B but not 
in A and C, Gioup III (iiiiil-woikcis) is deficient in A and C but not B, and 
Gioup IV (old ana'iiiias) is dehcient in C but not in A oi B Relative to iioimal 
standaids all the hospital class aie deficient m all thiee vitamins, w'lth the 
possible exception of vitamin B m the niill-haiid gioup It oui theoiy is 
collect that it is a deficiency of vitamins A and C that uiideilies this condi- 
*tion, all the hospital class should be potential cases of anmmia of piegnancy, 
wheieas this is not tiue ol the mill-woikeis, wdio in spite of then pooi diet aie 
veiy flee fiom this condition (Balioui, 1929) With a view to possibly 
getting a clue to this iidcUe the mill-woikei gioup (HI) is compaied with the 
old ansemia cases gioup (IV) Using collected values foi vitamin A it is clear 
that theie is no diffeience between the two classes It must be kept in mind, 
howevei, that the diet of the mill-woikeis is extiemely low in fat, both aiinnal 
and vegetable, in otliei woids, that the diet of the old ameniia cases is lelatively 
high in fat 

\ II Higienic survey 

The hygienic c^ditions of the women depend laigely on two factors, 
housing and exercise iBoth of these foi economic reasons must depend on the 
means of the people )\.n attempt was made to assess the incomes of the 
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households by inquiries as to the wages oi income of the husband and if she 
worked, of the woman too The actual figures could only be obtained when 
the individuals were wage earners, and even then owing to the family system, 
it was fiequently difficult to assess the total means foi the people sharing the 
liouse and food For these reasons the figures arc not given but the incomes of 
the different classes aic giouped undci 3 headings (1) undei Rs 50 a month, 
(2) 50 to 100 rupees a month, and (3) ovei Rs 100 a month 

The better class controls natuiallv fall into the third class In the four 
hospital groups the mill-'vsoikeis aic obviously the poorest, 75 per cent of 
the women investigated falling into the lowest class and none m the upper 
class The old anaimia cases w^ere better off than either the controls or the 
motheis of piemature babies, showing, as pieviouslv stated, that these cases 
do not come from the poorest strata of society 

Housing — As a rough guide to the degree of oveiciowdmg the cubic space 
in feet of the rooms the wmmen studied lued m was estimated and this divided 
by the number of people sharing the room The figuies given m Tables III 
and IV show at once the overcrowding of the hospital class which becomes 
extreme in the mill-w'orkei group Here sometimes as many as 15 persons 
share a room roughly 14 X 12 X 10 for w'hich a rent of Rs 15 is paid, or 
6 persons may share a room 10 X 10 X 8 for wffiich a rent of Rs 5 is paid 
Exerase and Purdah — The only clashes that take regular exercise are the 
better class controls and the mill-workers, who have the daily wmlk to and 
from the mills as well as their work m the mills It is probable that this 
exercise and the better hygienic conditions of the mills as compared with their 
overcrowded houses that m part accounts for the lelatmely good health of 
this community The women of the remaining hospital groups take httle 
exercise The city has a good water supply laid on m many cases to the 
houses, the women do not grind their own corn or perform other outside duties 
as m then Milages, so that the only exercise is the daily marketing and the 
little housework needed to keep then small establishments clean Purdah is 
onh observed by the ^Mohammedans, a class of women in this city shown by 
Balfour (1929) to be peculiaily liable to ansemia of pregnancy and the toxaemias 
of pregnancy In this connection it should be noted that though taking little 
exercise the Mohammedan women as a w'hole haym a high caloried diet and a 
relatively high fat consumption 

The question of malaria and infectious and contagious diseases is outside 
the scope of this inquiry, but broadly speaking malaria is common to the 
whole city% whereas it is probable as in other cities that the infectious disease 
rate is higher in the more crowded areas 

Discussion 

From the data obtained in this inquiry, it is obvious that in striking con- 
trast to the better class of women in the city, who are well-fed and on 
both European and Indian standards not aniemic, the hospital class of women 
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die aiueimc and both C{Uantitati\ei\ and (jualitatnely dl-fcd Ab the clafcse& 
of women Ntiuhcd aie \ei\ ilneise .uul melude membeis of all the chief com- 
munities of the city and difteicnt stiata of botiety it i& piobable tliat these two 
defects aie causatively i elated Tlie aiueniia is a chionic one and quite 
distinct fiom the acute condition known a^ ' peinicioub aiueniia of pregnancy' 
01 ‘ Bombay ancemia,’ though it is possibly a picdisposing factoi 

Tlic bettei tlas'' Hindu women aie, i" •'tated abo\e, well-led, thougli then 
diet IS pel haps not peilcctly balanced, .is they obtain too iaige a pioportion 
ot then caloiicb tiom fat and not enough liom caibohy di.ite (oce Chaitj The 
total piotem intake too is a little low It is gencially thought that about a 
thud of the piotem and half the fat of the diet should be deiivcd fioin animal 
souices and m this le&pect the diet of the class iindei consideiation is satis- 
factoiy Flesh fiuit and vegetables also figuie hugely m tlie diet 

The diet of the ho-iut.it ila'''^ i'-, m eonti.ist to the abo\e, \ Qi\ tault^ The 
most maiked defect" apait fiom the maiieiiuate supph of caloiics, aie (1) the 
low total and animal jiiotem intake and the loweimg of the piopoition of the 
lattei pioduct, (2) the low fat intake and the huge evccss m the piopoition 
of vegetable fats to total fat, (3) the inadequate consumption of fiesh fruit 
and vegetable" The bettei -to-do menibei" ot the ho&pital class and also the 
Goanese eat ceieals of an mfeiioi quality'’, polished iice and white biead foim- 
mg staple ai tides of then diet These detects lead to an inadequate supply 
of all the vitamins and the miiieial "alts wdiich is iuithei inci eased by the fact 
that the milk and ghee (on"unicd aie \en pool in ([uahty, the ba^aai giiecs 
m at least 50 pei cent of the samples tested being ciitnely dc\oid of vitamin A 
as judged by the antimony tiichloiidc test The food budgets in the Labour 
Office I Shill a", 1923) lejioit on woikiiig ihib" tamilicb m Bombay diow 
the same defeetb 

On oui theoic that a huk ot Mtamiiis A .uid C'' undeihes the condition of 
'Bombay' ansemia, all the hospital classes aie potential cases of this disease, 
some additional stiain such as piegnancy piccijntatmg an attack This is 
bioadh tiue of all da-'iscs with the exception of the mill-w'oikcis, w'lio aie 
paiticulaily fiee fiom this disease (Balfoui) It is difficult to explain this 
immunity, but a compaiison of the diet of this gioup with those of the other 
hospital gioups and especially that of the old antcmia cascb, bungs out ceitain 
ceiy stiiking difteiences The mili-woikeis do not depend on milk pioducts 
at all foi then vitamin A and so as long as then ceieal intake leinains good 
they have a constant, if small, supply of this essential factoi The other 
gioups in contiast depend veiy laigely on a ghee supply wdnch is giossly 
adulteiated, so that then vitamin A intake is ahvay^s liable to fail, fuithei, 
these classes aie tending moie and moie to leplacc natuial giams by polished 
lice and milled floiu so that then supply fiom these soiiicc" is steadily 

* Ca^cfe ol adult scuivy and xei ophthalmia aic not uncommon amons; the pooici classes 
in Bombay Beii-bcii is practically unknown m the city 
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decie.iaing Tlic siipph of -Mtainm A, tliciefoic, in tlie null gioups is low but 
piobabh faiih constant in addition they have a better sup]ily of vitamin B 
than the other gioups due to the natuie of the giains eaten This gioup also 
eats a diet Aery low m fat It has been shown expeiimentally that the higher 
the fat intake the gieatei the demand foi vitamins A and paiticulaily B foi 
piopei giowth and development (ISIcCaiiison, 1919 and 1930, Ederer, 1925, 
Hams and Moore, 1928, Phmmei and co-woikei^^, 1927) Fuither Weitbiecht 
(1922) states that animals on a basal diet fiee from vitamins die moie quiekly 
if fat Is idded to the diet and that the animals getting fat develop a severe 
aplastic anaimia It seems possible that these expeiiments mav explain the 
lelatne immuniU fiom ‘pernicious anamiia of pregnancy’ of the mill-hands 
and the high incidence among the Mohammedan women m the hospital popula- 
tion which as a class is generalh deficient m vitamins A and C The piopor- 
tion of fat and vitamin B in the diet max be the deciding factor m the liability 
to the disease, and when, as in the mill-hand group, the fat intake is very low 
and the vitamin B content relatneh high, it mav lequire a moie marked A 
and C deficiencA to pioduce the disease Animal expeiiments of oui own to 
be reported latei support this theoij but we lecognize that other factois at 
present obscure max be concerned in the immunity of the mill-w'orkers, and 
m the causation of the disease ' 

The diets of the mothers of piemature infants aie of considerable interest 
in that all but one of the 25 cases studied had a very low xntamin B intake 
due to the fact that they one and all used polished rice and white bread as 
their staple cereals This remarkably constant finding differentiates this class 
from all the others and is not without sigmficance m a consideration of the 
causes of prematuntx , especiallx’’ a« x itamin B is one of the principal factors 
concerned in normal growth 

The hvgiemc conditions of the diffeient classes vary chiefly in degiee as 
fai as housing is concerned — oxerciow'ding being common throughout the city 
but more marked in the mill areas Though these and such factors as exer- 
cise, may influence the incidence of the disease undei consideiation, the relative 
immunity of the nnll-woikers x\ho lixe under the w'orst hygienic conditions, 
and the well-fed who hx’-e undei the best, wnuld suggest that the faults so 
inaiked in the diet of the affected classes are of greatei impoitance in the 
Ttiologx of this anaemia 


Summary 

(1) Class A (healthy Hindu women) is well-fed and not anamic 

(2) Class B (hospital class of women) is relatively to Class A both quan- 
titatix'^ely and qualitatively ill-fed and also anaemic 

(3) The anaemia is slight and due to a parallel reduction of both the 
number of red cells and the percentage of hamoglobin 

(4) The diet of Class B is deficient in (a) calories, (b) both total and 
.iinmal protein and fat, (c) all fresh fruit and vegetables and theiefore in 
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id) Vitamins A and C, and (e) in salts The amount of vitamin B piesent 
vanes m the didcient gioups Vitamin D is, is^umed to be obtained from 
exposuie to sunlight 

(5) The Hindu imll-woikciss have the mos>t maiked deficiency in fats and 
animal piotem the giaiii eaten aic uniniiled and tiieiefoie the supply of 
Mtamin B is good 

(6) The diet ot Gioup II (motheiis ot piematuie mlant&) i& maikedly 
deficient in vitamin B 

17) It Is s>uggestcd tbit this, lelatne deficitncv m vitamins A and C oi 
some factoi a&sociated with this, defieienc\, is eonttined m the ^etiology of 
‘ peinitious amemia ot picgnanc%/ and that the poipoition of tat and vitamin B 
111 the diet ma^ pla\ some pait m detci mining tlie incidence of this disease m 
a population genei illv shoit of vitamins V and C 
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Introduction 

It is essential before undertaking any experimental work with animals to 
be certain that adequate normal standards aie available for comparison with 
the experimental results Although there aie blood standards for normal 
albino rats such as those published m Donaldson’s (1924) book, it is necessary 
to establish the normal findings for each stock of rats, as the range of the normal 
in different stocks varies widely The piesent paper gives the standards for the 
nutritional lesearch laboratoiies animals 

Stock — ^The stock excluding all animals under experimentation is mam- 
tamed at a daily average of approximately 700 animals, half male and half 
female of these about 100 of the female animals aie pregnant During the 
last 12 months the death late from natural causes among this stock has been 
nil Piobably a few of the young die oi are killed within the first week of 
life but as the litteis are not distuibed it is impossible to estimate how many 
aie lost, however as the aveiage surviving littei numbeis se\en (maximum 

J, MR ( 307 ) 21 



308 Studies in Peinicious Aimniia of Piegnancy 

litter born 15) the death late cannot be higli The giowth curves of the young 
iat& aie normal on the Ubuall} accepted btandaids The stock theiefore is 
consideied healthy 

Locality — Coonoor is situated at an altitude of 6,000 feet and has a 
model ate climate with no extremes of heat oi cold The altitude should lead 
to a compensating incieasc in the aiciagc numbei of red cells m the blood 

Housing and food — The ammaK aie housed in airy but warm animal 
houses, and except when bleeding aie exposed icgularly to sunlight Scrupulous 
attention to cleanliness is insisted on The stock diet consists of whole wheat, 
spiouted giam, caiiots, cabbage, lettuce, diluted milk equivalent to approxi- 
mately 5 cc of milk pel lat pei day, and buttei Raw meat is added once 
a w'cek and tomatoes aie given occasionally The food is fed m excess 
Water ad libitum is piovided m open pots, so that the animal can w'ash as 
W'ell as dunk 

Breeding — The females aie mated at matunty The male is lemoved at 
the bnth of the littei and the young sepaiated after 30 days 

Methods — Peiipheial blood wais obtained fiom the tail it is essential to 
get fiee bleeding, foi which pin pose the tail was placed foi seveial minutes m 
watei at 40°C befoie snipping The same pipettes were used thioughout the 
w'oik 

The led blood cells w'eie diluted with Toisson's solution and counted m a 
Burkei-Tuik counting chambei Ten laige squaies weie counted as a loutine 
The white blood cells w'cie diluted wuth 3 pci cent acetic acid This stronger 
acetic solution gives more satisfactoiy lesults than the usual 0 5 per cent 
solution as the led cells aie vciy resistant and do not dissolve leadily m the 
latter It is essential to shake very vigoiously to ensiiie pioper distiibution of 
the cells All the squaies aie counted, i e , 25 X 16 small squaies The 
difteiential count w'as made in the counting charabci and checked by a count 
on the slide 

The hiemoglobin estimation could not be done by the accuiate coloiimetiic 
acid hiematm method, as it was impossible to get laige enough quantities of 
blood A modified Sahli was theicfoie used, the standard acid hseinatm 
solution being checked legulaily against a known solution of hiemoglobin 
(Supplied by Majoi Sokhey and standardized by Van Slyke’s method foi 
oxygen capacity of blood ) The eiior on the Sahli method even with corrected 
standard is known to be very high, and may be as great as 18 to 20 per cent 
the hsemoglobm values are theiefore not as reliable as the blood counts 

Pieparation of slides — ^Thiee sets of slides weie taken (1) unstained 
slides for estimation of cell diameter these should be thin, (2) slides made 
from blood drawn into the followung solution saturated aqueous brilliant ciesyl 
blue 5 c c 2 pei cent sodium oxalate 1 c c , mixed and filtered These slides 
were used for the estimation of the percentage of reticulocytes, (3) slides 
stained with Giemsa for differential count and general examination 




Plaii^ XXVI 



Fif: 1 — Blood film fiom 1 d iv old i it 



Fig 2 — Blood film fiom matuie lat 
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Method of measuring ted cell diametet — simple halometer method 
(Prjee, 1929) was used and standaidized by using blood slides from which 
Puce-, Tones’ cunes had been made and the actual mean diameter of the cells 
determined 

The inatrument consisted of a modified Young’s eriometer (Preston) as described by 
Prjee (1929) A source of light is placed behind a plate which has a small central aperture, 
1 — ^2 mm in diameter surrounded bj a ring of 2 cm radius of pm point holes This is viewed 
through the blood film to be examined which is cimed on a sliding rider which moves along 
a centimetre scale at right angles to the source of light A senes of spectra of varying 
intensity are seen surroimdiiig the central point of light and the circle of dots appear as a 
nng of luminous points The rider is moied till the jellow band of the brightest spectra 
coincides with the ring of luminous points The distance of the film fiom the plate at which 
coincidence occurs aaiies directly as the diameter of the particles on the film, le, red blood 
cells Therefore, if the mean diameter of any set of corpuscles is known that of the unknown 
can be calculated bj simple proportion The depth of the spectrum is a measure of the 
a anability of the size of the particles and is therefoie a measure of the degree of amsocytosis 
m anj slide 

Grouping of animals — Male and female (non-pregnant) animals were 
examined from birth to full maturity at 10-day intervals Animals aged 
between 5 — 14, 15 — 24 days, etc, were grouped together under the headings 
10, 20, etc , respectively, but in the tables and charts the means of the exact 
ages are given, for example in age group ‘ 40 ’ the mean of the ages is 39 days 
After 40 days males and females w'ere separated but the differences in the 
mean value for the estimations done w^ere not significant In addition a senes 
of pregnant animals were studied 

Results 

I Males and Non-pregnant females 
A Red Blood Cells Table I, Charts 1, 2 and 3 Plate XXVI 

1 Count — At birth the count is 3 4 millions after an initial drop to 
2 2 millions at 10 days, there is a steady use to 9 55 millions at maturity 
(90 days) after which the values remain almost constant though there is a 
very slight increase with advancing age (up to 18 months) The rate of 
increase m the number of red cells is greater in the first 8 weeks of life, after 
w'hich the cell curve flattens 

2 Mean diameter — ^The average size of the red blood cells decreases 
steadily from birth to maturity As measured in terms of the mean diameter, 
the decrease is from 8 62/t to 5 86 /i The range m size of the cells for an 
adult rat is showm in Chart 3 

3 Percentage of reticulocytes and presence of nucleated cells — ^At birth 
there are a large number of immature cells in the circulation as shown by the 
presence of many reticulocjdes (64 per cent of all reds), large numbers of 
normoblasts (104 per 100 w'hite cells counted) and many polychromatophilic 
cells The nucleated cells disappear rapidly from the circulation but up till 
the 30th to 40th day there are appreciable numbers of reticulocytes, and a few 
polychiomatic cells will be found even in slides from old lats 
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Studies in Fcnucious Anreniia of Pregnancy 
B Ilcrjiioglobm Table I, Chart 2 

The litemoglobin content of the blood uses steadily aftei the initial drop 
during the first 10 dayt, fiom 11 01 ginis ut bnth to M 0 guns at matin ity 


CHiVIlT 1 

Numbers of red blood cells on ago Mean values 



Age in days 


C Coloui Index Table I, Chart 2 
The standards foi calculating coloui index must be fixed with lefeience 
to the noimal led cell count and hiemoglobin value foi adult rats For this 
purpose we have taken 14 giammes hieraoglobm per 100 cc as 100 per cent 
hemoglobin and foi convenience 10 million led cells as noimal led 
cell count In Table I the coloui indices calculated on this basis aie shown 
in one column and foi compaiison with values quoted m the literature we give 
in anothei column values based on the usual human standaids (13 8 gims 
hemoglobin and 5 0 million red cells) Owing to the large size of the red 
cells in young animals the colour index is laised at birth but has deei eased to 
a practically constant figure of 1 00 (0 56 human standards) by the 60th day 

D White Blood Cells Table I, Chart 4 
— ^The vai ration in the white cell count is very gieat, not only 
age gioups but in individuals Foi tins leason it is veiy 


^ ox- 
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difficult to attach any significance to vaiiations in the counts unless the differ- 
ences aie very great As a whole after the initial chop in the count there is 
a steady increase in the number of white cells from bnth to maturity 

2 Differential count — In the Coonooi lats the differential count shows 
a marked preponderance of lymphocytes over the polymorphonuclear elements — 
the latter increasing slightly however wuth advancing age There are generally 

Chart 2 

Red blood cells, hxmoglobin, diameter of red bipod cells and colour mdex on age 

Mean values 



speaking between 60 to 70 per cent small lymphocytes and 8 to 10 per cent 
large lymphocytes and transitional cells The eosmophiles (about 0 5 per cent) 
are characterized by their ring-shaped rather than lobulated nucleus 

E Platelets 

No observations were recorded as it is extremely difficult to make accurate 
counts of these elements m rats’ blood 

Pregnant ammah Table I 

Females of different ages and m different stages of pregnancy, some 
pregnant for the first time and some m their third or fourth pregnancy are 


Colour index J 4 gruni H B s 100 VH B 

100 mithon KBC s 100%RDC. 



Table I 

Blood diidi7igs in 220 Noimal Albino Rats. 
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Pregnant 20 
females 


Chaht 3 

Pnce-Jones’ curve 
Normal adult rat 
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included m this group The majority of the counts tveie however taken within 
24 hours of delivery, when these animals should show any changes in the blood 
findings that may occur owing to the strain of pregnancy Seventeen females 
of the same age group (90 days to matuiity) were examined as a control senes 
It IS obvious from the figures that there is no significant difference between 
these tw'o groups and that w'lth the exception of a veiy slight lowering of the 
a^erage count and hemoglobin values, the animals are unaffected by pregnancy 

Discussion 

The findings set out above are quite distinctive and with the exception of 
the white cell counts very constant for each group consideied Steady changes 
are demonstrated from birth to maturity The led cell count and hsemoglobin 

Chabt 4 

Number of white blood cells on age Mean values 



percentage aftei the imtial drop use steadily, and this mciease is associated 
with a decrease m the average size of the red cells so that the colour index 
falls at first to become more or less constant at about 1 00 by the 70th day 
Too few animals were examined to be certain that the imtial drop in the red 
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and white counts and liieinoglobin peiccntagc is a constant finding but on the 
analogy of the human subject it it; possibly so 

The female animals have slightly louei led cell counts and haemoglobm 
values but the difteiences aie not significant and the piegnant females have a 
slightly lovei mean led cell count and luemoglobm percentage but compared 
with a similai gioup of non-piegnant animals there is no significant difference 
between the groups 

A comparison of oui lesults with those quoted in the hteratuie (4 — 10) 
iiuhcate'j that as far as led cell counts, hiemoglobin values and the white cell 
count aie conceincd, that tiicic aie no vciy significant diffeiences between our 
findings and those of othei authoiities {sec Charts 1 and 2) 

As icmaikcd b> Donaldson (1921) the difieicntial counts \aij markedly 
fiom stock to stock — the Amciican figuic-; m gencial showing a higliei percentage 
of polvinoiphonuclcai cells than the English Oiu values loi these pol>morpho- 
nuclcai elements are oven lowci than those cpiotcd by English authors but as 
they weie obtained not only by counts on the slide but also by counts made 
in the counting chamber and weic absolutely consistent, we aie of the opinion 
that this IS a true finding for oui stock 

There are only a few figuics foi the diametci of the led cells given m 
Donaldson’s book and the authois quoted, Treadwell, Wormley, Gulliver and 
Jolly all give figuics foi the inatuie lat that lange between 6 o to 7 0/q 
Oui figuie is low'd than this, appio\imatcl> 6 0/q but as it w'as obtained 
both by the diiect measuiement method and the halometei method, it probably 
is the conect figuie foi oui stock 

The question of the effect of piegnancy on the blood is of consideiable 
interest, especially with refeience to the eftect of deficient feeding on pregnant 
animals The stock females in oui senes show no significant difference from 
similar non-piegnant animals Theie is a loweiing of the red cell and hiemo- 
globm count at the end of piegnancy, but this is veiy slight The led cell 
count in one of the 20 animals examined falls below 8 0 million but values as 
high as 10 80 occur and the mean figuie is 9 0 million The contiol group has 
an aveiage led cell count of 9 4 million and excluding the one low value in the 
pregnant group the range is the same in the two gioups The difference m 
the hiemoglobin values is slightly greatei but as has been lemaiked before the 
error of the method is much gieatei These results aie directly opposed to 
those of Suie and co-w'oikeis (1929) who lepoit a seveie anaemia with figuies as 
low as 4 8 million foi the led cell count m then piegnant animals It is diffi- 
cult to explain these discrepant findings but it is strange that animals should 
become so anaemic duimg a normal physiological process such as piegnancy, 
if their hygienic conditions and diet aie really adequate Euithei w'ork on this 
question would be interesting 

Injconclusion we wish to thank Colonel McCairison for permission to work 
m the Kutritional Laboratory and to use the stock animals 
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I Introduction 

The investigation mto filaiiasis was undertaken under the auspicies of the 
Indian Research Fund Association, Simla, the areas in Bihar and Orissa were 
mapped out foi obseivation and Gaya was made the centre of the Inquirv 

( _ 319 ) 
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The object of tiic mvc-itigation been to study the existence of any 
con elation thcic may he between the incidence of human infection, and infection 
in the invcitcbiatc ho;5t in i elation to the phj&iogiaiihy and phy&ical characters 
of an aiea 

The fiist point has been to detcimme the mo->t probable invertebrate host 
of F banciojti undci the conditions pi evading m this paiticuiai locality. 

The inveitebiate host of F banciojti seems to diftei in different countries 
Woikers in this field of leseaich ha\c found that, although F bancrojti develops 
to a ceitaiii extent m difteient species of Cube me mo&quito, only one or tivo 
species act as definite inteimediaiy oi caiiici hosts pui excellence Low, m 
1901, earned out feeding cxpeiiments on human cases haibouring F banciojti 
in St Lucia ivith Aedes aitjcnlcun (Poii) lie found that only partial deve- 
lopment topk place in the thoiacie muscles and that no woinis reached the 
infective stage oi migiated into the pioboscis of the mosquito 

Three othei species of dcdcs {Steuomiiia] aic given by Hindle (1914) as 
being piobable caineis of F banciofli in Malaya, but he states that forms 
have not i cached the infective stage oi been seen in the proboscis (Filarial 
Commission, 1921). 

Manson-Bahr has obseived that developmental foiins of Fijian miciofilaiia 
(moiphologically identical ivith miciofilaiia banciojti, but obser\es no perio- 
dicity) are found in Cvlex jatigans, Stegomijia pseudoscutellai is , Stegomyia 
jasciata, and Cider jepsoni in Fiji 

While capable of developing in Culex jatigans, the favouiite intermediary 
of F banciojti, this mosquito is not ncaily so efficient an inteiniediary m Fiji 
as it IS in other countiies or as is Stegomyia pseudoscutellai is, the common 
mosquito of the gioup of islands 

The lesults of the Fdaiiasis Commission in Biitisli Guiana under the 
diiection of Prof Leipei show that /ledcs a? peidcas (Poii ) (Stegomyia jasciata) 
IS an unsuitable inteimediaiy host foi Filana banciojti In the opinion of the 
Commission the inveitebiate host is the domestic mosquito Cxdex quinque- 
jasciatus Say (Culex jatigans Wied ) 

Almost m all cases the assumption that a paiticulai species of mosquito 
acts as efficient inteimediaiy is based on the finding of the infective develop- 
mental stage of bancrojti in that inteimediaiy (I am not awaie of any dnect 
transmission experiment) 

Coming now to certain aieas in British India, it has been obseived that 
the conditions for development of Filana banciojti aie fulfilled in Culex 
jatigans, thei prevalent species of domestic mosquito in many of the aieas of 
Bihar and Ojnssa (Koike, 1928 and 1929) 

In order lo determine the actual vectoi of banciojti, two methods are 
possible The nrst method is direct and must be based on actual transmission 
of the parasiteUo the definitive host tliiough its intermediaiy The second 
method is induct and based on the epidemiological evidence in the incidence 
of filariasis and Vn the distribution of the vector in winch the conditions o 
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development of the infective foiins of banaofti aie fulfilled The present 
investigation in this diiectioii has been appioached thiough the latter method 
It has previously been obseived that infoimative results aie hkely to be 
obtained by studying the conditions of incidence of F bancrofti in different 
groups of the population in relation to the physiogiaphy and physical charac- 
ters of the country (Korke, 1928 and 1929) As to physical characters, the 
tjpe of the cultivation appeals to be a leliable test It indicates the agricul- 
tural resouices of a soil, which may vary in different localities, the variation 
depending especially upon the degree of retention of moisture 

Basing the investigation on these giounds, the piovmce of Bihar and Orissa 
has hypothetically been divided into ‘ Belts ’ according to the physical and 
phj siograplncal conditions 

II jSIaterial and technique 

The blood material foi this papei was chiefly derived from the agiicultural 
section of the population The technique of making blood films, staining, 
collection and dissection of mosquitoes has aheady been described (Korke, 
1928) 

The species of mosquitoes weie identified for me by Captain P J Barraud, 
of the Jtlalaria Survey of India, Kasauli, to whom my grateful thanks are due 
I also acknowledge the assistance given to me by my assistants Dr K K 
Das and S A S Babu Kulamoni Misra 

My grateful thanks are also due to many of the officials and non-officials 
m Bihar and Oiissa and especially to the Pohce officials who so willingly helped 
the Inquiry 


III Results obtained in field studies 

(a) Bihar and Onssa divided into belts 
The province is almost a parallelogram in shape, situated between 84° — 88° 
East Longitude and 28° — 20° North Latitude The south-east coiner of the 
province is pinched off by the Bay of Bengal Foi the purpose of investigation 
it may be divided into three transverse parallel belts and one oblique belt on 
the sea coast, which forms the south-east corner of the area {see Map) 

The northern belt (Belt I) encloses an area between the Nepal Himalayas 
and the Ganges The northern fringe of this belt is a sub-montane tract and 
the rest of the belt is rich arable land This area is intersected by large tri- 
butaries of the Ganges The chief cultivation is paddy 

The middle belt (Belt II) encloses an area between the Ganges to the 
north and a fringe of the Chota-Nagpur plateau to the south Except for some 
portion of the sub-montane tract in the Santal Parganas, the area is a rich 
arable land the chief cultivation being paddy 

Both these belts go to form the Gangetic plain, and the plam is slightly 
above the areas at sea-level 
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5 Pumea 

Belt n 

6 Shahabad 

7 Patna 

8 Monghyr 

9 Bhagalpur 
10 Gaya 
ll'SautalPargani 

Belt in 

12 Palamau 

13 Hazanbagb 

14 Ranchi 

15 Manbbum 

16 Smghbhum 

17 Sambalpur 

18 Angul 

Belt IV 

19 Balasore 

20 Cuttack 

21 Pun 
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The soutliern belt (Belt III) forms the bulk of the piovmce and consists 
of the montane, sub-montane and foiest aieas The belt encloses an area of 
the Oii^sa Feudatou States The land is aiable in the alluvial tracts which 
aie extensive and paddv foims the chief cultivation 

The sea coast belt (Belt IV) is limited b-v the sea towards the east and 
sub-montane tiacfs of land tow aids the w'est The countiy is w'ell watered by 
rainfall, lueis and canals and the aiable land is iich in paddy cultivation 
The teiiipeiatuie and lainfall of these belts lary accoiding to seasons 
In some paits the climate is waini, in some teinpeiate, in otheis moderately 
cool 

The agiiciiltuie in all the belts depends upon the lainfall, canal and river 
inundations 


Prevalent species of mosquitoes 

The mosquitoes weie caught, as thev w'ere found, inside and outside a 
dwelling and no special effoit w'as made to collect onlv a particular species 
If theiefore theie were more dissections done on Cuhcines or on Anophelines 
respectiveh in a belt, the fact w'as due to the pievalence in numbers Only 
female mosquitoes weie dissected IVlieievei the developmental forms of 
banciofti weie found this was invaiiabh m Culex fatigans The total number 
of Anophelines and Cuhcines dissected m each belt is showm undei Table I 
The following pievalent species of mosquitoes w^ere identified in the belts of 
Bihai and Oiissa and the number of belt is given against each species 
Aedes {Steqomyia) albopictus (II), A iStegomyia) aegypti (II), A [Stego- 
wyia) vittatm (IV, III, II), A (Skusea) mioopteius (IV), A [Aedimorphus) 
■pipe) •ialatus (II, III), A ( Aedvnorphus) palhdostnatus (III), A (Banksinella) 
lineatopemm (III), A (Fvilaya) gubeinatoiis (III), Aitmgeies obtuibans 
tIV), Culex fatigans (I, II, III, IV), C ICulicwmyia) palhdothoiax (II), C 
(Cubciomyia) pullus (II), C bitaemoi hynchus (II, III, IV), C vishnui (II, 
III, IV), C lu/nt inoi ei (II, III, IV) , (7 epidesmus (II, III, IV), C gebdus 
(II, III) C sitiens (II), C ti itacnio) hijnchus (II, III), Lutzia fuscana 
(II, IV), Lutzia laptor (III), Mucidus scataphagoides (III), Taemoj hynchus 
{Mamomoides) umfonms (II, III, IV), T (Mansomoides) anmdifeius (IV), 
Anopheles fidigmosus (I, II, III), A pallidus (II, III), A subpictus{ll, III), 
A cuhrijacies (II, III), A listonn (III), A hyicanus (11, HI), A macubpalpis 
(III), A jeypoiiensis (III), A stephensi (II), A vagus (III) 

(b) Fxkuial incidence in i elation to the physiogiaphy and insect cairiei, arable 

aiea, Gangetic plain. Belt II 

The incidence of infection m Belt I is gnen undei Section IV, as no mos- 
quitoes m eon elation wath the human incidence weie dissected from this belt 
Belt II, lepiesentative t>pe area, Gaya distiict, the area is about 5,000 
square miles and forms the southern portion of the Patna division The 
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physical chaiactcis of tins aica liave alicady been dc^enbed (Koike, 1929, 
Tianmction, F E .1 T M ) 

The sections of t)ic population nn e-^tiyated in this belt weie, General, 
Police, School and Agiicultuial The mcidcnce ol human infection 'vas due 
to F banciofti 


Aicas iine-'tigatcd 

Area 1, uiban, Gaya town, legulai polite loite, total cases, 102, positive, 
13, 13 pci cent (lC-b-28) Incuitntc ol mktlum in tin-' aiea wa'^ found to 
be 16 pel cent, (Koike, 1926, 1927, 1928) 

Two aicas foi obseivation weie -t let ted iioni the old Gaja town Total 
mosquitoes dissected, 331, po-itne, 16, 11 pci ttiit iXoieinbei to August 1928) 
A second obsenation wa-' (onduited in the iilentital aica Total 
C fatujans dissected, 23, positne, 7. 30 iiei tent, (16-5-29) 

A thud obseivation was made m the ■'ame aiea Total fatujans dissected, 
34, positive, 5, 15 pei cent, (6-6-29) 

Aiea 2, subiiiban, Nabinagai , total eases, 72, positne, 7, 10 pei cent, 
(23-3-29) Total julujans clH-ctted, 68, po-'itne, ml 

Aiea 3, subiuban, Tekaii, total ca'^e-’, 165, positne, 27, 16 pci cent, 
(26-9-28) Total jaticjans dissected, 22, positne, 1,4 5 pci cent Anophelmes, 
2, positive, ml, (19-5-29) Second ol>enation, total fatujans dissected, 84, 
positive, 16, 19 pei cent, (27-7-29) 

Aiea 4, subiuban, Kawadah, total ease-', 57, positive, 6, 10 pci cent, 
(5-10-28) Total fatujans dis^ceted, 12, positne, 10, 21 pei cent, (11-7-29) 
Aiea 5, subiuban, Sheighatti, total tasC", 61, positne, 8, 13 per cent, 
(18-6-28) Total fatigans dissected, 35, poMtne, ml, Anophelmes, 13, posi- 
tive, ml, (30-8-28) Anothci obsenation (12-6-29) Total fatujans dissected 
54, positive, 7, 13 pei cent, Anophelmes, 2, positive, ml 

Aiea 6, subuiban, Daudnagai , on the Sone Canal Total cases, 118, 
positive, 12, 10 pel cent, (24-11-27) Total fatujans dissected, 94, positive, 
11, 12 pel cent, (30-5-291 

Aiea 7, subuiban, Aiiiangabad, total cases, 279, positive, 14, 5 pei cent, 
(7-11-27, 13-9-28 and 7-12-28) Total fatujans dissected, 32, positive, 1, 3 
pel cent, (19-3-29) 

Aiea 8, village, Jamhoi, a piospcious village of some importance Total 
cases, 71 (backw'aid and pool class of agiicultuiist) , positive, 20, 28 pei cent, 
(16-9-28) , time, night Total cases, 94 (school boys and better class) , positive, 
4, 4 pel cent, (10-12-28), time, night Total cases, 50 (same as above), 
positive, ml, time, day Total fatigans dissected, 252, positive, 18, 7 per cent, 
total Anoplmlmes dissected, 173, positive, ml, (11-12-28 and 25-5-29) 

Aiea 9, village, Pipeidih (Auiangabad) , inhabited mostly by the cowherds 
Total cases, positive, ml, (15-3-29) Culicmes dissected, 28, positive, ml, 
Anophelmes dksected, 11, positive, ml, (16-3-29) 
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A)ea 10, village, Khaki a (Auiangabad) , total cases, 60, positive, 1, about 
2 per cent, (19-3-29) Culicines cli'jsected, 58, positive, nil, Anophelines dis- 
sected, 4, positive, ml 

Aiea 11, village. Gob, total cases, 103, positive, 8, 8 pei cent, (7-5-29) 
Culicines dissected, 25, positne, nil, Anophelines dissected, 1, positive, ml, 
(11-5-29) 

Area 12, village, 'Waziigunj, total cases, 102, positive, 20, 20 pei cent, 
(19-10-27) Total fatigans dissected, 46, positive, ml, Anophelines, 30, posi- 
tive, ml, (31-9-28) Second ob‘?ei \ ation , (27-7-29) Total jatigans dissected, 
50, positive, 7, 14 pei cent 

Area 13, village, Gii>ak, total cases, 52, positive, 3, 6 per cent, (9-1-28) 
Total fatigans dissected, 41, positive, 2, 5 pei cent, (10-7-29) 

Aiea 14, ullage, Baiachatti, total cases, 60, positive, 6, 10 per cent, 
(9-10-27) Total fatigans dissected, 5, positive, 1, (13-6-29) 

Aiea 15, siibuiban, Bihai , total cases, 60, positive, 9, 15 pei cent, 
(14-1-28) Total fatigans dissected, 80, positive, 26, 33 per cent, (16-7-29) 

(c) Filarial incidence in relation to the 'phystogi aphy and insect camei , arable 
aiea, montane and sub-montane tiacts, Belt III 

Representative aiea, Hazaribagh district and pait of the Ranchi plateau 
The physical characteis of the aiea have already been described (Koike, 1929, 
Transactions, F E A T M) 

The absence of vater is the most striking feature in the scenery of the 
lower plateau, but on the highei plateau the country is open and the cultiva- 
tion fairly extensive The surface is never level, there are no lakes and marshes 
m the district 

The Damodoi basin divides Hazaiibagh from the Ranchi plateau, the 
physical characters of which resemble mostly those of Hazaiibagh The 
incidence of human infection m this belt was due to F banciofti 

Aiea 1, urban, Hazaiibagh town, situated on the higher plateau about 
2,000 feet above the sea-level The place is supposed to be a sanatoiium 

Population, police recruits, total cases, 69, positive, 13, 19 per cent, 
(24-6-29) Total C fatigans dissected, 46, positive, 8, 17 per cent Two 
siibpictus, positive, ml 

Area 2, urban, Ranchi town, (Ranchi plateau about 2,000 feet above the 
sea-level) Total cases. 111, positive, nil, (16-1-29) 

Area 3, village, Baihi, (lower Hazaribagh plateau on the Grand Trunk 
Road) Total cases, 54, positive, ml, (19-5-28 and 21-12-28) Total Anophe- 
lines dissected, 13, positive, ml, second observation (25-6-29) Total fatigans 
dissected, 8, positive, 2 

Area 4, village, Barakattha, (lower plateau. Grand Trunk Road) Total 
cases, 50, positive, ml, (20-5-28) 

Ai ea 5, village, Bagodai , (lower plateau, Grand Trunk Road) Total cases 
79, positive, nil, (24-12-28) Total fatigans dissected, 7, positive, ml* 
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Anophellnc^ lik^sccted, 225, positive, ml, (21-12-28) Second ob>eivation 
(23-6-29) Total C'ulieino di''>etted, (j 9 IbO C' (atuiain^) , positive, 1, 
Anopholincs dl^'•o{•ted 11, J)o■^ltlve, ml 

Au'u b. Milage, Dhiimii, (louei plateau, Ciiand Tiunk Ttoud) neai the 
loot of the Paiabiiath Hill Tot.il ta-e-, 38, poMtive, ml, (17-9-28) Total 
Ciilicmeb di''Sected, 7, iiONitive, ml 

Aiea 7, Milage, Topelianclu, (Cliand Tiunk Road) neai the Paiasnath 
Hill Total cases, lOo, positi\e, 3, incidence, 3 pei tent, (30-12-28) Total 
Culicines di'jsected, 2, po-'itne, ml, Anophthne'' di-">ectcd, 86, positnc, ml 

Aiea 8, mdustiial, Kodaima, (luwei plateau) Total ca^es, 134, positive, 
ml, (12-10-28) Total Cuhcine-- d^^''eeted. 10, positive, mi, (13-9-28) Total 
C jatnjanh dis-ccted, 55, positnc, 1, 7 pei cent, 127-7-29) 

Aiea 9, village, Alnzagunge, total tasc, 1, positne, ml, (16-9-28) Total 
Culicines dissected, 7, positive, ml 

Aiea 10, Milage, jMandu, (highei plateau) Total ea-es, 156, positive, ml, 
(12-1-29) Total Culicines dissected, 1, po^itne, ml, Anojihehnes dissected, 
116, positive, ml, (12-1-29) Tot il Culicines di"-ected, 8, positive, mi, 
(30-9-29) 

Aiea 11, village, Ramgaih, (Damodoi ba^in) Total eases, 48, positne, 
nil, (9-1-29) Total Culicines dissected, 8, po&iti\e, 2, Vnophehnes dissected, 
30, positive, nil, (26-1-29) 

Aiea 12, Milage, Cola, (Damodoi basin) Total cases, 60, positive, ml, 
(9-1-29) Total Anopholmcs dissected, 15 positne, ml, (10-1-29) 

Area 13, submbaii, Chatia, (lowei Ila/aiibagh plateau) Total cases, 
96, positive, 2, incidence, 2 pei cent, (7-10-28) Alosciuitocs wcic identified 
but not dissected 

Aiea 14, Milage, Oimanjee, (Ranchi jiiatcau) Total cases, 60, positive, 
ml, (14-1-29) Total mosciuitoc'' dissected (species not detei mined), 22, posi- 
tive, ml 

Aiea 15, village, Khunti, (Ranchi plateau) Total cases, 108, positive, 
ml, (21-1-29) Total mosquitoes dissected (!>pecics not cloteimined), 24, 
positive, 1, (21-1-29) 

Aiea 16, village, Chaupaian, (lowei Hazaiibagh plateau, Giancl Tiunk 
Road), about 800 feet aboce the Gaya plain Total cases, 12, positive, 1, 
(19-10-28) Total fahgans dissected, 34, positive, 5, 15 pei cent, (27-7-29) 

(d) Filanal incidence in i elation to the physiogiaphy and insect caiiiei, aiable 

aiea, sea coast, Belt IV 

The Littoial aiea compiises the thiee distiicts of Oiissa, Balasoie, Cuttack 
and Pmi 

Repiesentative aiea, Balasoie distiict 

The obseivations on (1) physiogiaphy and physical chaiacteis of this 
area, (2) the incidence of filaiial infection in the sections of population of the 
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uiban, siibvuban and village aicas, (3) the pievalent species of mosquitoes and 
the stmh of developmental foims of banaojti have alicady been publibhed 
(Koike, 1929, Pait III) 

(e) Obse) vations on the invei tebrate host 
Culicine mosquito the inteimediary 

Out of the 1,504 Anoplieline mosquitoes (1,207 identified), 874 females 
showed uiiifoimlj negatne lesults Out of the 3,739 Culicine mosquitoes 
(2,672 identified), 2,132 showed positive lesults in 221 oi 10 pei cent 

The obsenations showed that if a mosquito is the only cairiei, then a 
Culicine mosquito is the vectoi 

Culev fatigans the vectoi 

The anahsib of the lesults show's that 101 mosquitoes dissected at Pun, 
but not identified, showed positne lesults m 12 (Koike, 1928, Pait II) 

Thiee hundied and folt^-nme mosquitoes dissected m the Balasoie aiea, but 
not identified at the time of dissection, showed positive lesults m 29 The 
specimens kept foi identification w'cie C fatigans, C vishnui, T (Mansomoides) 
annuhfeiiis and iimfonnis and A (Skusea) miooptems (Koike, 1929, 
Part III) 

Two hundred and fifty-eight mosquitoes dissected m Gaya show'ed positive 
results in 39 All specimens kept foi identification weie C fatigans (Korke, 
1928, Part II) 

One thousand foui hundred and twenty-foui mosquitoes identified at the 
time of dissection showed positue lesults in 141 C fatigans 

C fatigans maj safely then be accepted as the mtei mediate host of 
F banciofti in the aieas of Biliai and Oiissa 

De^elopmental stages of banciofti found 
The developmental stages of banciofti as found in the mosquito have 
alrcadj been desciibed (Koike, 1928, Pait II) 

A 11101 phological study of the developmental foims in 148 C fatigans 
demonstiated that 41 mosquitoes oi 27 7 per cent showed the first oi the human 
phase, where embivos have east off then sheath in the stomach but retain the 
original characters as are found in the human peripheral blood, 56 or 37 7 pei 
cent the phase of sausage-shaped bodies and 31 oi 20 9 pei cent the phase of 
cylindrical bodies, phases w'lieie embryos undergo dev'elopmental changes m the 
thoiacic oigans, 20 oi 13 5 pei cent the filaiifoini or infectiv'e phase, where 
the} elongate ov'ei lengths of one millimetre, possess alimentaiy tract and 
active movements and 3 mosquitoes show'ed the proboscis stage 

C fatigans collected from the inteiioi of houses 
It has been mentioned that in the earlier stages of survey, mosquitoes were 
mostly collected fiom outside the piemises To observe the exact condition 
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of infection, aieas in a few iii'^tanco-' wcie levHitecl and mosquitoes were 
collected fiom the mtciioi of hou&e-> 

In Belt II, mosquitoes \slien tollecied fioin outside the picmi«e3 showed 
species of Anophelmes and Culitints m .i mixed number but when caugho fiom 
inside the houses they weic niosllv C falujau', C fntujant, showed the infec- 
tion langmg between 0 to 7 pei cent, when taught iiom out-ide the houses 
(8 aieas) and 7 to 33 per tent when taught fiom inside the houses (8 aieas) 

In Belt III, mosciuitocs whtn eolletied fiom outside showed pievalence of 
Anophelines o\ei Culumes la fact Culicmts and (' f(itujunt> weie collected 
in veiy small numbeis and showed negative lesults Foui aieas wcie levisited, 
VIZ, Bailu, Bagodai, Kodaima ind Chaupaian, C fatigans collected fiom 
inside the houses, showed infection in 2 out of 8, 1 out of 70, 5 out of 34 and 
4 out of 55 in the above aieas lespectuch 

The obseuation is inteiesting lioin the standpoint of collecting the light 
type of mateiial fiom the inteiioi of houscs ioi iinestig ition puiposcs 

Seasonal pievalence 

Culex fatigans has lieen obseived to bleed both under wmtei and summer 
conditions in the Ga\a disliiet (It is taken foi gianted that the lainy season 
favouis the bleeding') 

Obsenation 1, village Jamhoi, Decembci 1928 Biecdmg place, a cait- 
tiack about a few xaids in length in mam thoioughlaie ot the village led by 
an ovei-flow' sink This naiiow tiough of watei was teeming with mosquito 
kina' sufficienth to make the suiface of the watei look daik The Ian® w'eie 
bi ought to the laboiatoiy (9-12-28) and the imagines (about 40) wdiich bied 
out of pup® w'eie all identified as C (utigaub (14-12-28) Tempeiatuie on the 
above dates, cliy and w'ct bulbs, 20-21 5°C , and 16-lb 5°C , lespectively 

Obseivation 2, village Jamhoi, 25th to 27th of i\Iay, 1929 Tempeiature 
diy and wet bulbs on the dates, 43°C and 23 5-24“ C , lespectively The 
inteiioi of about 8 houses was visited The leccptacles foi stoiing w'atei weie 
found to be of earthen mateiial The flooi wms found to be damp owung to 
spilling of watei House chains leading fioin kitchens and bathing places 
contained watei to the depth of 4 to 6 inches The chains w®ie teeming with 
mosquito laiv® Mosquitoes sitting on the w'alls, and in the neighbouihood 
of the watei stoiage, weie in numbeis and identified as C fatigans A laige 
numbei of males weie piesent and the piobabilities w'eie m favoui of the fact 
that bu'edmg was going on undei the suinmei conditions Total collected 192, 
37 male^all C\ fatigans and 2 subpictm Out of 143 C fatigans dissected, 
10 showedVlevelppmental foi ms of bancwfti oi 7 pei cent 

Obseivw^xrk, a similai pictuie to that of Jamhoi wxas seen at Daudnagar 
(28-5-29) Total\collected 131 (37 males), all C fatigans, 12 pei cent of 
C fatigans showec^developmental forms of bancwfti 

The infeience i\that, in an endemic aiea [vide also (b) obseivation undei 
urban aiea, Gaya ibwn], owing to the peiennial bi ceding of C fatigans, 
infection by bancwf\is kept up continuously 
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The following table, Table I, shows the lesults of dissection of Anophehne 
and Culicme mosquitoes in diffeient months of the yeai m the belts of Bihar 
and Oiissa 

TrVBLE I 


Showing 'peicentage of infection in mosquitoes in diffeient months of the year 
m the belts of Bihai and Onssa 




A^OPHELI^ES 

CULICINES 

Belt 

Month 

Dissected 

Positive 

Dissected 

Positive 

Per cent 

n ! 

i 

February 1 

1 



171 

IS 

11 


March j 

'' i 

0 

272 

21 

8 


May 

10 1 

0 

306 

29 

9 


June 

2 j 

0 

93 

13 

14 


July 

' 1 

0 

297 

61 

21 


August 

43 

0 

170 

, 7 

1 

4 


No% ember 



1 

1 



December 

172 

0 

110 

8 

7 

1 

1 

Tot\l j 

1 

242 

0 

1,420 

i 

1 158 

1 

11 

1 

III 

January 1 

347 

j 

i 1 ^ ' 

[ 1 

3 ' 

1 

0 



June 

14 

0 

131 

11 

8 


July 



89 

9 

10 


September 

3 

0 

32 

2 

6 


December 

268 

0 


0 



Tot^l 

1 

632 

1 ’ 

1 

j 262 

22 

8 

IV 

January 



101 

12 

12 


June 



49 

11 

22 


July 



300 

18 

6 


TotUi 



450 

41 

9 


Judging fiom Table I, it appeals that the Cuhcine mosquito show's a 
highei peicentage of infection m the months of June and July in Belts II anrl 
III, m June m Belt IV 
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In Belt II, ino-'CiuitoC'' ■'hou .i \auable peicenlii^'c of mfcttion tliioughout 
the inonthb of ii ^e.u Tin* ihitn .ue in-uliKicnl to w.ui.int an\ conclui:ion=^ 
fiom Belts III and IV 

Taking a cen-u^ of tlie incdonnnating ■'petie^ ol ino'-tiiutoes, it was obscrNcd 
that the follow mg speeiC'' woic found m the luinieiical oidei gi\en C jatujam 
(528 male's and 1,418 female"), A fuhtiino'^ii'> (10 males iind 025 females), 
C whxtmoici (1 mule and 202 female"!, (' viJiiun (25 males and Ibl teinales), 
A hyicanui) (lOi female"), I jHilliduf, (7 male" and 132 females) Other 
species of mO"Ciiiitoes aie not "hown a" their numbei was small 

(/) Cot iclatiou bctu'cijn the uunitiue of utfcilioit bi/ F banciofti in 
human hod and in tamci iC fatigaiis) 

The data under (6), it) and (d> when an.dsscd show that, in Belt II, 
1 urban, 7 subuiban and 7 \illage aieu" wcie in\C"tigated In the uiban area 
(total cases, 272, pO"iti\e, 37) human mieetion is 13 b per tent and mosquito 
infection (total di""cetccl, 391, po"iti\e, 58) 11 8 pei tent In the 7 suburban 
aieas (total eases, 812, pO"itne, 83) human miettion i" 10 2 per cent and 
mosquito infection (total di"scctcd. 521, po"iti\e, 72j 13 7 per cent In the 
7 village aiea« (ea"es, 636, po"iti\e, 62) human mfcttion is 9 7 pei cent and 
mosquito infection ldiS"Ccted, 505, pO"iti\e, 28) 5 5 pei tent 

In the Belt III, 1 in ban and 9 \illage aiea" wcic inicstigatcd In the 
urban aiea, human infettion (ea"e", 69, po"iti\e, 13) is 19 pei cent and 
mosquito infection (dissected, 46, po"itivc, 8) 17 pci tent In the 9 village 
aieas, human infection (ta"e", 627, pO"itnc, 1) is 0 63 pci tent and the 
mosquito infection (dissected, 216, po'-itne, 14) 6 4 per cent 

In Belt IV, 2 uiban and 5 Milage aieas wcie nnestigated In 2 uiban 
aieas human infection (cases, 552, po^itnc, 86) 15 5 (lei cent and mosquito 
infection (dissected, 356, positnc, 37) 10 pei cent In 5 Milage aieas human 
infection (cases, 629 positive, 81 ) is 12 8 pei cent and mosciuito infection 
dissected, 94, positive, 4) 4 pei cent 

Speaking in a bioatl sense, the mfcience is th.it (1) theie is some degiee 
of coiielation betw'een human and mosquito infections m the uiban aieas, 
(2) theie is no coiielation in the village aieas, and (3) theic is suggestion that 
uiban aieas show a higliei percentage of infection in human and mosquito 
population than the village aieas 

IV Discussion of results 
The discussion lesolves itself into twm points — 

(^) Does the pievalence of infection by F banuofti vaiy in lelation to 
ten am 

In lound figuie, out of 6,176 cases evamined in Bihai and Oiissa 639 or 
10 pel cent showed miciofilana in the pciipheial blood When the ivhole aiea 
IS divided into belts, with due respect to physiogi.aphy and physical chai actors 
the following percentages weie obtained m each belt (Koike, 1927 29) 
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Belts I and II, Gangetic plain Belt I, total areas evamined, 12, 
total cases, 292, positive, 22 oi 8 pei cent 

Belt II, total aieas examined, 36, total ca'^e*', 2,826, po=!itive, 288 oi 10 
pel cent 

Bolt III "ub-inontane and montane arable tract, total aieas examined 20, 
total ca^es, 1,233, positive, 22 oi about 2 pei cent 

Belt IV, ^ea coast belt total aieas examined 12, total cases, 1,825, posi- 
tive, 307 01 17 pci cent 

The data shov that the “^ca coast belt is moie infected than the Gangetic 
plain and the sub-montane and montane tiact is piactically fiee from infection 
(n) The natuie of conclation between human and mosquito infection 
The results shov that theie is no conclation m the mathematical sense 
between the degiee of infection in human and mosquito hosts, except +o a 
ceitain extent in the in ban aieas of the belts consideied 


V CovcnrsiONs 

Cl) That the infection b\ F banaofti xanes ivith the natuie of the ten am 
It IS highest m the sea coast belt, higher in the Gangetic plain and lowest m the 
sub-montane aiable aieas 

(2) That the life cjcle of F banaofti has been obseived m Culex fatigans, 
the domestic mosquito No othei species of Cuheme mosquito has so fai been 
mciiinmated 

(3) That the life cjcle of F bancrofti has not been obseived m the 
Anophelme species of mosquito 

(4) There is no diiect coiielation behveen the degiee of human and 
mosquito infections although theie is such a suggestion m the mban aieas 

(5) Culex fatigans appeals to be more infected m the months of June and 
July Incidence of infection appeals to be higher when C fatigans is collected 
from the mteiior of houses 

(6) Aieas rich m paddy cultivation appeal to be the endemic centres 
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OBSERVATIONS ON THE CHARACTERS OP FILARIAL 
ENDEMIC AREAS IN BIHAR AND ORISSA 

Pait VI. 

VISHNU T KORKE, prop (Edin ) , d t m (L'pool ) 

{Central Reseat ch Institute, Kasauh) 

[Receued for publication, March 21, 1930] 

It has been obseived that the filaiial situation in Bihar and Oiissa is 
created by F banctofh as the paiasite and C fatigans as the vector and that 
the incidence of infection varies with the nature of the teiiain (Korke, Part V) 
Erom the preventive aspect it is instructive to classify the characters by 
which an endemic area is governed The endemic centres m Bihar and Oiissa 
can be partitioned off into urban, suburban and village areas The main 
difference between an urban and submban area is mostly one of density per 
square mile Both the aieas are affected by some degiee of sanitation 

The villages are not protected by any measiue of sanitation Eiom the 
filarial standpoint there are roughly three types of villages to be considered 
The first type is a long straggling village situated along the highway, eg, the 
Grand Tiunk Road Such a village has sprung up owing to traffic on the load 
and IS known as ‘Chatti’, (Bihai aiea and Chota-Nagpui plateau) The 
second type is a ‘ huddled ’ village wdiere houses are irregularly massed together 
The natural drainage fiom the houses falls into the toituous bye-lanes in 
which w'atei accumulates according to the quantitj used and the season wdiich 
allow's it to lemain oi to evaporate, (arable areas m Bihai) The thud type 
does not materially differ from the second type, except for the fact that, 
the groups of houses (thatched in most cases) appear to be isolated and hidden 
by thick growth of vegetation, and are supplied by an abundance of water 
from the shallow tanks and excavations, (Oiissa area) 

The coiielated evidence of the Inquiiy (1927 — 29) reveals twm sets of 
facts m relation to ten am, first, the prevalence of filarial infection, secondly, 
the distribution of surgical signs of filauasis in relation The signs taken foi 
analysis are the affections of genitals m the male, termed ‘scrotal’ and of 
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Ohsrn nhoiity ott .Itrds in Dihai and On^sa 


exluMHitR'' tcinictl ' tennm.U ’ \n ni<li\uluai ma\ h.i\c both >'ign= piescnt 
Othei ''ijiU'’ like cluluu.i tew) au* not liken into the count S}mptoms 

like the lusloi\ ol duialum ami ot ic\ei *ue onnittd a^i the infounation iclating 
to them i> not exact The lemale population uu C'^tigatcd wa's toinpaiatively 
^inall in numbei , (total Cii'-e^ 191, positi\c 10) 


MMMUn Ol lU„-5ll.l'> 

In the montane and "ub-mont.ine belt ot Bihai and Oii'-'a, total cases 
examined in 3 uiban ikm". 193 po'itne lb, peuentage 8 2 Total eases in 
25 village aica-, 1,001, po-^itne (>, ptutnlage 0 b Total cases eoncicts, from 
till" belt, 37, positue ml 

Dmtiibution ot "Uigu.vl "igii" ot lilaiia"i", j)U"iti\e ca"e" 22, showing 

‘^igns, teiminal 1 Xegatice ca"e" 1,211, "bowing "igiis, "iiotul 13, teiminal 

4, 1 and 0 3 pei cent ic"pectne!\ 

In the Oangetie belt, total (a"C" examined in 3 uiban aica^ 230, positne 
30, peuentage 12 7 Tot.il ea"e" in 9 "ulnnbaii aea", 139, positne 50, pei- 
centage 11 4 Total ca'C" m 37 \illago aiea", 2,15b, pO"iti\e 205, percentage 
9 5 Total coiiMcts fiom tlu" belt 287, po"iti\e 25, peicentagc 8 7 

Di"tiibution of "lugital "igii" ot filaiiasi". positixo cases 310, showing 

'^igns, sciotal 58, teiminal 5, 18 7 and I b pei cent ie&pccti\cl\ Po&ituc cases 
not "how mg "igti" 249, 80 3 pei cent Xegaticc cases 2,808, showing signs, 
‘coiotal 312 teiminal G9, 1 1 .ind 2 4 pei tent ie^i)cttivci\ 

In the «ca comt belt, total ta"e" examined iii 3 uiban aicas 564, positive 
90, poicciitage lb Total (a"e" in 15 \illage aie,i" 1,113, positixc ISb, pci- 
centage 16 7 Total toncitt" fiom tlu" belt, 148, positne 31, pciccntage 20 9 
Dntiibntion ot "ingital "igii" ot rikuia"is, po"iti\c eases 307, showing 
=igns, soiotal 43, teiminal 12, 14 and 3 9 jiei cent ic"pcctnely Positne cases 
not showing "ign«, 253 , 82 4 pei eent Negative {a"Cs 1,518, sliowing signs, 
siciotal 67, teiminal 128 4 4 and 8 4 pei cent icspcctnely 


Dl"CLbSIO\ Ol UCSCLIS 

In stuching tlie pieialenee of infection the points to be taken into consi- 
doiation aio (1) the dntiibution of infection m lelution to tciiam, and (2) the 
intensity m lelation to Uiban, Siibmban and Village aicas 

1 Does the pievalence of filaiinsis vaiy w'lth the natuie of teiiain? The 
ansAvci IS m the affiimutive (Koike, Pait V) 

2 Which local type m an aiea is the pumaiy scat of infection? The 
evidence shoevs that in a sub-montane aiable aiea the gcneial distnbution of 
infection is negligible (0 6 pei cent) but the intensity in uiban aieas is high, 
8 2 pel cent (in the towm of Hazanbagh, the infection is 18 8 pei cent) 
The uiban aiea may theiefoie be piesumcd to be the staitiiig point of infec- 
tion The evidence in icgaid to the uiban and subuiban aieas of the Gangetic 
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plain siippoits this piesumption, since heie also the village areas show a 
lowei peicentage of infection than the uiban oi subuiban aieas 

In the sea coast aiea, both the Milage aieas aie equally affected with the 
uiban aiea« and the evidence points to the fact that the physical chaiacteis 
of the aiea uul the Upe of village aie such as gieatly to favoiu infection 
when once uitioduced 

In all the belts studied, the phvsical value of the soil is such, as to yield 
a staple ciop like padd\ 

3 When once intiodueed nhat tactois can keep up continuously the 
.nfection*’ The factois aie plnsical and biological The significant physical 
factor appeals to be a sod letentne of moistuie To support this view, I 
lecall the evidence in connection with the Sone Canal investigation wheie the 
prevalence of filaiiasis inci eases fiom the iippei to the lowei i caches of the 
canal fKoikt, 1929, Pait llll The othei evidence is that the pievalence 
deci eases a=; one i caches: an incline The obseivations lefei to the investigation 
of the Milage areas on the Giand Tiunk Road west to east From Aurangabad 
to Bhaliia the road urns foi about 60 miles through the Ga>a plain Five aieas 
equidistant on this section of the road show an infection, 7, 7, 13, 10 and 8 
per cent respectiveh , (Koike, 1928, Pait II and 1929, Pait III) The second 
section of the load itins along the lotiei Hazaiibagh plateau (wheie moistuie 
conditions aie unfavouiable) foi about 80 miles, fiom Bhalua to Topchanchi 
Foul aieas neaih equidistant on this section showed negative lesults Fiom 
Topchanchi the load declines tow aids Calcutta, the infection at Topchanchi is 
3 pel cent The biological factoi is the insect earner So long as theie is the 
pieialence of C fatigans and the opportunities aie gnen to it to bleed, feed 
and flouiish, the endemiciti of an aiea would be maintained 

Regal ding a furthei point in the investigation, that cases m the Gangetic 
plain show more signs refeiimg to sciotal than teiminal and vice veisa in the 
coastal aiea, pathological ie«:earch is indicated The only point of importance 
m this connection is that the teimmal affections, at least in one of the aieas of 
Oii«sa (Bahsore district) aie associated with the atypical foi ms of bancrofti 

A laige percentage of population haiboui miciofilaiia without showung 
obvious signs and as to what happens to such cases in the long lun, is a notable 
point for inquiry 

To sum up the fihiial situation in Bihai and Orissa the evidence shows 
that the prevalence of filaiiasis is gieatest in the uiban coastal area, wdiere 
the lalue of the arable land is such as to yield a rich paddy cultivation This 
evidence has a special impoitance m a large countrj like India Bj studying 
the phjsical map of India, one may be able to foretell that filariasis should 
pieiail piedominantlv m the aieas like the Coiomandel, Xoithern On cars 
Konkan and Malabar Coasts (sea coast belt) less so m the Gangetic and the 
Indus plains which are phasiogiaphicalR on a highei level than the coastal belt 
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Coscuvsios^ 

The factoi^ which f'ovcin tlic tlmiactei-j of an 2 ntenf>e endemic area of 
hlaiuiisis appeal to be U) teirun at tlie "ca-lcNcl, (2) niable natiue of land 
wheic physical factoiti aie suth a-j to yield a staple ciop like paddy, (3) urban 
01 siibiuban poinilation, (1) incidence of F bancwjti, (5) piesencc of Ciilex 
jatujani>, (0) collection of watci umlci iii'-anitaiv "iiuoiindin^s 

In legal d to suigical sign> of fiiaiia^'i'i ca-'Cs in the Gangctic plain show 
iiioie ^igns lefeuing to "ciotal than to teiminal and mcc ^clsa in the coastal 
aiea 
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Ele\ siJRVEA OP Bombay cm 

In connection with study of the flea factoi m plague epidemiology it was 
decided to obtain more detailed mfoimation legaiding the rat-flea population 
of Bombay cit>, especially conceining the regional distribution and the rodent 
hosts of the three species of Xenopsylla 

Hast (1926') notes that there is no staking luegulaiity in the distribution of 
human plague in Bombay, but that theie is no record of the distribution of 
cheopis and astia in diffeient paits of the cit> The Indian Plague Commission 
(1908) give data indicating the gioss flea mde\ of Bombay rats, of which an 
extract is “shoBn in Table I All the lat-fleas weie then classed as Pulex cheopis 
(now X cheopis) Attention was then diawn to the fact that R noivegicus 
harbours more fleas than R lattus, and one point of inteiest now is whether the 
three species of Xenopsylla aie equally attracted to these two hosts Several 
moie lecent reports have given an indication of the relative prevalence of the 
three species in Bombay (Table II) These figures were the result of examining 
batches of fleas which had been collected without distinction of either host or 
area, and they give no indication of the flea index 


Table I 

Rat-flea index, Bombay city, 1906-07 



Rodent 

A^erage for 
i year 

Highest index 

Lowest index 

R 

raltus 

40 

5 2 (March) 

2 5 (No\ ) 

R 

norvegicus 

8-4 

13 9 (April) 

4 2 (Sept) 
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Rat-Fleas 'in Plaque Tiainmisswu. 


Tvulc n 


Piopoiiwn of XenoJ)•-^ ll.v spcnet>, Bombay (iti/ 


Pei loil 

Tot il 
examined 

i/uo/m 

Pel cent ige of 
rtsfm 


1920(3) 

7Sl 

19.) 

198 

0-7 

1922.23( 1) 

3 075 

:)3-i 

15S 

10 

192S(5) 

1 on 

77 5 

19-2 

i 

1 


It Ma-i piopo'-eil to examine montliK •'ampler fiom bix aiea" ^Ylth the 
assHtanee ol the munieiiial aiuiiontieb, the following ‘•clicme pio\ed satisfac- 
toi\ — The lat-eatthing jHM-'Onnel -'eletted '•mtable gioup> of binkhngs, and 
one da\ jiei month wa'^ allotted to eaih aiea On the appointed moining a 
dozen tiap^, each containing oiiK a "ingle lat, wcie ^elected fiom a laige niimbei 
set o\ei night These wcie imt it ome m "tout cam as bag", seemely tied, 
labelled and "Ont to the luboi itoi\ 'Plieie the\ weie put m laige tins, the 
bags weie oiiened up, and a pad ^oakcd m petiol oi thloiofoim wa^ mtioduced 
to the tin In tweiit\ minute'^ lat" and flea" weie dead, and the contents of 
the tin« toiild be "caiched foi flea" 

It 1" nece""an to emphasize the fact that Mgoioub thumping of the caicase 
on a haul mi face, and with se\eial giip^, is C'sential, in addition to the usual 
combing and blushing, if all the fleas aie to be obtained In seaiching foi the 
fleas a wooden tiough, fi\e feet b\ tliiec leet, and tliiee incliC" deep, coveied 
with white oil cloth, u ;?atisfaeton , and it i" convenient to have this constiiicted 
on a table of suitable height foi the woikei to stand in comtoit, sa^ foui feet 

The lats leceued weie elassed a" follow’s — (1) Rattun inffiis including 
w lute-bellied, black and biown \aueties. These aie easih lecogmzed bj the 
length of the tail which i" often about one and a ([uaitci times as long as head 
and bo(h combined, although it nia\ on occasion be much the same length It 
the tad ha" been amputated, the laige oai" and e^es and the naiiow muzzle aie 
simple ]ioint" foi identification Hinton(b) lefeis to the impossibilitj of dealing 
with \aiictie" of the house lat in jiuits like Bonlba^, wdieie indigenous lats 
have mteibied with old wxindeieis and lecent newcomeis fiom all paits of the 
w 01 Id 

(2) R )W)ve(iHus, with a buish-tipped tail distincth shoitei than head 
and bod^ togethei, small eais and eyes, and laige flesli-coioined feet 

(3) dunoniN" sp mole lats, diffcimg fiom noivegicus m the bioad head, 

daik teet with small lound pads, and a tapeied tad which lacks a biush at the 
tip * — - 

*The Bombu Gunomis foimeilv funilni undoi the mine of Naocia bcngalonsis 
Oldfield Thom IS (quoted bv Llovd 1909, liitoxB Indutn l/ascnw, HI 1 12), distinguishe 
Gunoin\s, with i Ions inl.itinc foi unen (S mm) ind i t,ul ivei isms SO poi tent of flic 
held ukI bodi length fiom ViMKin with i "hoit pilvlino foiamcn (5 mm) tnd ,1 shoit 
tad onlv 50 pei cent of the he id lud bodj' length Accoidmg to Wioughton (1919, Jour 
Bomb Not Soc , XXVI 3 787), the common species m Western Indu is G lok, the 

southein mole yat 
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The thiee groups can also be distinguished, "when alive, by eliciting the 
characteiistic noise R lattus gives a series of squeaks, norvegicus a prolonged 
squeal, while Gunomys grunts No bandicoots or mice were caught, the traps 
being unsuitable for these 

The areas selected for the survey aie briefly desciibed in Table III With 
the exception of ^lazagaon and Woili, which are lesidential, the buildings 
included bazaar shops as w'ell as habitations 


Table III 

Aieas selected foi flea survey of 1929-30 


No 

Ward 

1 

Address | 

Details 

Building 

Occupants 

1 

A 

1 

Fort 1 

Bora Bazaar St 
W Side 

Large tenements 

Patsee 

Hindu 

2 

Ee 

Mazigaon 

Rose Cottage 

Lane W of 
Jumna Flour 
Mill 

One-stoned 

Chiefly Hindu 

3 

C 

Bhuleshwar 

j Between Sand- 
, hurst Rd and 
' Durgadevi St 

Large tenements 

Hindu 

4 

D 

Chikalwadi 

Between Slater 
Rd and Tardeo 
Rd 

Large tenements 

Hindu 

5 

G 

Worli 

Village 

One-stoned Mud 

1 walled 

Christian 

Hindu 

6 

G 

Mahim 

1 S E corner of 
j bazaar 

Two-storied 

1 

1 

Mohammedan 


With regard to the rodents (Table IV), the absence of norvegicus in Work 
ullage, along uith the absence of a diainage system, was previously noted by 


Table IV 


Rodents examined in the couise of the flea swvey 


Area 

R ratlus 

R norvegicus 

Gunomys 

1 

Total 

1 

91 

43 

10 

144 

2 

134 

3 

8 

145 

3 

102 

20 

22 

144 

4 

79 

29 

33 

141 

5 1 

144 



144 

6 

132 


12 

144 

ToT\n 

682 

95 

85 

862 

Females 

407 1 

60 

46 


Males 

275 1 

[ 35 

39 


Rats with no fleas 

88 

! 

1 

9 



J, MR 


23 
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Baf-Fl(‘(is in PUtfjiir Tninsnusswn 


the Plague Commifc'?iou ISlo aoj veyicut, was icccucd fioin Malum These two 
aieas aie the most i emote fiom the mflueiice of shipping The piesence of 
Gunomys, even m dcii'-ely i) 0 {Hilated quuitcia of the city, is of interest, this 
animal being by natiue a feiocious field lat It has appaiently adapted itself 
to domestic suiioundings and iiiiibt be in close contact with man m these places 
The numbei of lodents which haiboui no fleas at all is ovei 10 per cent m the 
thice gioups This fact uould have been ini^acd il the investigation had not 
been confined to lats caught singly 

The gioss flea mde\ (Table Y) shows that, compaied with uiltus, the number 
of fleas haibouied by no^uegicui, la moie than half as many again, wdnle 


Tvblb V 

Identification of the fleas accoiduuj to the host 


Fleas ' 

1 

R nilliu 

R norvc/jicus 

Gunomys 

All species — 





Number 


2,9SS 

655 

816 

Index 

« • 

4 1 


9*6 

X cheopts— 





Number 

• • 

2.499 

<120 

1S6 

Percentage of total 

. 

S3 6 

0-il 

22*8 

Index 

• • 

37 

4*1 

2*3 

X asha — 


i 

j 



Number 

• • 

350 i 

1 

233 

621 

Peicentage of total 

* 

117 

35 6 i 

1 

76*1 

Index 

« * 

05 ! 

2*5 

7*3 

X hasihensis — 





Number 

* 

137 

2 

6 

Percentage of total 


46 

0*3 

07 

Index 

• t 

0-2 

i OrO 

cri 

Clenocephalus — 





Number 


2 

0 

3 


Gunomys haibouis more than twice as many fleas as lattus Beferrmg to e 
specific flea index, it is seen that the increase in both cases is due chiefly to e 
greater number of astro Although norvegicus has only 19 per cent more 
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cheopis, it his five times is many nstia Gunomys shows 40 5 pei cent fewer 
cheopis but moie than fouitcen times as many astia 

The recoid numbei of fleas found on individual rodents may be mentioned 
VIZ, lattus 27 (14 cheopis, 5 astia, 8 biasihensis) , noivegicus 90 (47 cheopis, 
43 astia) , Gunomys 74 (2 cheopis, 71 astia, 1 bi asiliensis) The brasihensis 
mde\ IS veiy small throughout, but the species has actually been found in 
each of the tliiee gioups of rodents The only fleas, othei than Xenopsylla, 
were five Ctenocephalus fehs, two on lattus, thiee on Gunomys 

The Xenopsylla aie analysed according to species and sex m Table VI 
The same vanation m the propoition of the sexes of cheopis and astia was 

Table VI 


Xenopsylla accoidtng to species and sex 



X cheopis 

X aslta 

X brasihensis 


Female 

Male 

Female 

Male 

Female 

Male 

Number 

1,237 

1,868 

734 

470 

50 

95 

Percentage of 
sexes 

39-8 

60 2 

610 

39*0 

34 5 

65 5 

Percentage of 
species 

61 

r 

21 

'0 

3 

3 


shown m one of the earliei surveys, (Webster, 1929) viz , cheopis females 
piactically 40 pei cent, astia females ovei 60 per cent This difference is not 
easily explained as breeding experiments do not show a similar variation The 
small biasihensis numbers indicate a preponderance of males As the sex of 
the fleas is a factor in plague transmission, this variation in the proportion of 
the sexes m wild fleas may be of some importance 

Reference to Table VII indicates that the specific flea index of R mttus 
IS not subject to extreme variation thioughout the yeai The cheopis index is 
within the limits of 2 2 and 5 4, while the astia average is constantly less than 
one pei rat Taking the areas separately (Table VIII), the lowest gross flea 
index (2 4) is from the area which is m a distinctly better class neighbourhood, 
while the highest index (6 0) belongs to the primitive village of Worh The 
only area yielding brasihensis in appieciable numbers is Mahiin This is 
situated on the border of a dense palm forest The local conditions aie 
cooler and damper than m the other areas, and it is the only one of the six 
with a considerable amount of rural vegetation 

There is, therefore, every indication that cheopis and astia are both widely 
distributed in Bombav In no area is there evidence of a constantly high astia 
or brasihensis mdex 
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Bat-Fleas in Phufue Tiansnuhsion, 


T\nu: VII 
H lattiH by months 


Month 




Fll V 1N01\ 


Rits 

Fkas 

X tluopit 

A' ustui 

X branhensts 

M.iich 

58 

290 

I 3*1 

0*5 

11 

April 


27) 

' 1 1 

0*5 

0*1 

M'l^ 

51 

263 

j 3 9 

0**? 

03 

June 

5S 

110 

2'2 

o-i 

00 

Juh 

G5 

351 

IS 

0*6 

OO 

Augu'st 

58 

272 

12 

fro 

OO 

September 

65 

213 

3*0 

! 0*5 

0*2 

October 

13 

219 

5 1 

0*1 

OO 

Novembei 

58 

231 

3*1 

0*3 

06 

Decembei 

54 

160 

2*3 

0r7 

OO 

Januaiy 

61 

242 

3T 

0*5 

OO 

Febiuary 

53 

1 269 

i 

1 13 

1 

i 

0*8 

OO 

Total 

682 

j 2 988 

1 

37 

{To 

02 



Table VIII 





R lattiis by aieos 




1 


Flev index 

Aiea 

j Rats 

1 

1 

Fleas 

X chcopis 

X asUa 

X brasihensis 

1 

! 

217 

19 

0*4 

01 

2 

134 

700 

48 

0*4 

0*0 

3 

102 

336 

29 

04 

O’O 

* 1 

4 \ 

1 79 

277 

3T 

0*4 

0*0 

5 \ 

144 

S6S 

53 

07 

0*0 

6 

^ ^ ^32 

590 

2*9 

ae 

10 


Details foi nowegtnis and Gunomys (Tables IX — ^XII) deal with compaia- 
tively small nmnbets, but tliey confiijn the fact that the high flea index o 
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these lodents, as compaicd with that of iattus, is laigely due to a higher 
infestation with astia 

T\ble IX 

R noivegiciis by months 


Month 

Rats 

Fleas 

1 

1 

1 

Flea index 

X chcopis 

X astia 

X brasiliensis 

March 

6 

51 

T3 

12 

0-0 

April 

10 

SI 

57 

1 

2*4 

00 

May 

9 

30 

1 

26 

0*8 

0-0 

June 

S 

13S 

10-25 

70 

i 

0-0 

July 

4 

19 

4 75 

0-0 

0-0 

August 

S 

44 

4 25 

125 

00 

September 

4 

47 

5 75 

60 

0-0 

October 

16 

111 

3-0 

40 

0-0 

November 

s 

39 

2*4 

2-5 

0-0 

December 

13 

34 

15 

1 1 : 

00 

January 

, 2 

1 24 

10-0 

20 

0-0 

February 

7 

j 

j 37 

43 

0-7 1 

0-3 

Tot\l 


655 

1 

44 

2-5 

0-0 


Table X 

R norvegicus by aieas 


Area 

Rats 

Fleas 

Flea index 

1 

X cheopis 1 

X astia 

X brasiliensis 

1 

43 

24S 

42 

t 

15 

cro 

2 

3 

27 

S-3 ‘ 

j 

0-7 

0-0 

3 

20 

149 

4 5 1 

30 

00 

4 

29 

231 

1 

43 j 

3-6 

0*0 
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Table: XI 

Gunom\b by months 


Month 

Rifs 

Fk IS 

I'Ll V INDIX 

A' c/uo/n? 

A' aslia 

A"” brasihcnsis 

March 

5 

19 

5*0 

IG 

0*0 

April 

7 

215 

1 7 

2S7 

0-3 

May 

9 1 

92 

2*5 

76 

0*1 

June 

G 

29 

ffC 

12 

0-0 

July 

3 

2S 

23 

70 

0-0 

August 

7 

G7 

17 

7 1 

0-1 

September 

3 

19 

10 

1 

2-3 

0*0 

Octobei 

13 

51 

1 0 

29 

0-0 

Noi ember 

6 

65 

1 0 

9S 

0-0 

December 

5 

37 

2S 

<16 

0-0 

Januaiy 

9 

67 

23 

51 

0-0 

Febiuary 

12 

07 

31 

<1S 

0*0 

Total 

S5 

SIG 

2*2 

73 

01 


Table XII 
Gimorays by months 


Area 

Rats 

1 

Fleas 

Flei index 

X chcopis 

X aslia 

X brasiliensis 

1 

10 

45 

10 

33 

0*0 

2 

8 

111 

3*25 

10 6 

0*0 

3 

22 

170 

2*4 

53 

00 

4 

33 

3J3 

2-6 

69 

00 

6 

12 

177 

11 

13*25 
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SUMMABY 

(1) A flea suivej'’ of Bombay city foi the yeai commencing March 1929 
IS reported in detail 

(2) X cheopis and X asfia aie both widely distiibuted, the foimei being 
five to tw'elve times moie niimeious on R iattus X biasihemis is practically 
confined to the most ruial aiea of the si\ w'hich were studied No marked 
seasonal variation has been demonstrated Identification of 4,459 fleas gives 
the follownng percentages — cheopis 69 6, astia 27 0, biasihensis 3 3, Ctenoce- 
phalus 0 1 

(3) The gross flea index of the lodents examined is foimd to be — 
R 1 attus 4 4, E no) vegicus 6 9, Gunomys 9 6 The three species of Xenopsylla 
have been found on each of these hosts 

(4) The cheopis index is slightly higher for noi vegicus than foi rattus, 
wdiile Gunomys hai hours fewer cheopis than either 

(5) The astia index foi noi vegicus is five times gieater than for iattus, 
wdiile foi Gunonij^s it is fourteen times greater than for iattus 

(6) The proportion of the sexes show’s a maiked difference in the thiee 
species of Xenops^lh The approximate peicentage of females is — cheopis 
40, astia 60, biasihensis 35 
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Introductory 

A few years ago the present writers with Dr R 0 A Smith carried out 
a number of obsei rations on the blood-meal of sandflies, Phlebotomus argen- 
tipes In a paper (Lloyd, Napier and Smith, 1925) reporting our findings we 
discussed the possible beaiing of our obsei rations on the kala-azar transmission 
problem Our conclusions were shortly as follows — 

That in Calcutta at the time of yeai during wdiich the obserrations were 
carried out (Norember and December) Phlebotomus argentipes fed almost 
exclusirely on the blood of man or cattlu, that they piefeired cattle to man, 
that other conditions being the same the presence of cattle afforded some 
protection to man against the bites* of sandflies 

The observations heiein reported weie earned out wuth the object of 
supplementing our earlier ones, they weie extended over a period of two years, 
they w^eie made on a much laiger nunibei of flies of three different species 
collected at different seasons from several different areas and from several 
different sites wuthin those areas 

The sandflies were collected, dissected and numbeied by the junior writer 
or one of his insect collectors They were then sent to the laboiatory of the 
senior writer to be tested, the latter had no knowdedge of the origin of the 
specimens wdneh he was testing The results of the precipitin tests together 
with full details of the soiuce of each specimen were recorded at the time but 
no attempt at anal> sis of the record was made until all the figures had been 

( 317 ) 
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B The feeding habits of flies caught dunng different months of the year 
Table III gues details of the feeding habits of the flies caught at the 
Kaoiapukm kala-azii ticatnicnt ccntie month by month — 

Tvblb III 

Phlcbotomus aigentipes collected in the Kaoiapuhui kala-azar treatment 
centre area month by month 


Month 

Total num- 
ber of flies 
tested 

Xuniber m yu„,ber m 
uhich hu-i 

human and, | 

b 0 \ I n e 

1 

Xumber m j 
which bo- 
a me blood 
alone was 
detected 

I Number m 
! w h I c h 

1 neither hu- 
man nor bo- 
vine blood 

1 was de- 

tected 

Percentage 
of human 
feeds 

No\ ember 1927 

30 

26- 1 

1 

3 

0 

90-0 

December „ 

38 

14 

0 

24 

0 

36-8 

Janinrj 192S 

135 

42 ' 

2 

88 

3 

32 6 

Februarj’' „ 

97 

; 

2 

72 

7 

18 6 

March „ 

97 

22 ' 

5 

66 

4 

27 8 

Apnl 

72 

5 1 

0 

65 1 

2 j 

70 

May 

36 

1 

4 

1 

31 

1 


14 0 

June „ 

33 

14 ' 

0 1 

15 1 

! 4 ; 

42-4 

July 

8 

0 ! 

0 

8 

0 

0 

August „ 

41 

11 

0 ( 

30 

I 1 

2&8 

September „ 
October „ 

No\ ember „ < 

20 

3 

2 

1 

1 

15 

1 

0 

j 

1 

1 1 
1 

25 0 

December „ 

18 

12 

0 1 

6 

0 

66 7 

Januarj 1929 

8 

7 

0 1 

j 1 

0 

87 5 

Febiuary „ 

9 

0 

0 i 

9 

0 

0 

March „ 

8 

0 

0 

8 

I 0 

0 

April 

May 

8 

3 

0 1 

4 

1 

1 

1 

37 5 

June „ 

22 

5 

0 

16 

1 

227 

July 

August „ 

25 

0 

0 

i 

, 25 

1 

1 

0 

0 

1 

September „ 

19 


1 

1 

8 

1 

52-6 

October „ 

4 

1 

1 

0 

3 

0 

25 0 

No\ ember „ 

1 

37 

16 

0 

IS 

3 

^ 43 2 

December „ 

21 

0 

0 

. . i 

17 

4 

0 

Tot\l 

786 

210 

14 

532 

30 

1 

i 


I 
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Ohsp) vaf ions on the Blood-meal of Sandflies 

Tiie pciccntnge of fiie^ \sinch take a feed of human blood has been cal- 
culated foi eacii juoiith and shown in the light hand column of the abo\e table 
The peiccntagc', me -lio\sn below in giaphic foim (Giaph 1) foi the two years 
1928 and 1929 sepuiatel} 


Giui'ii 1 



The cuives foi the twm yeais have ceitam featuies m common At the 
beginning of the }eai theie is a fall follow'ed by a use as the hot w’eather 
advances, m 1928 the maximum occuiied m June and m 1929 in Apiii, but as 
in the lattei month theie weie only 8 flies caught, chance sampling may have 
played an impoitant pait Theie is a definite fall m July, again the nuinbeis 
m 1928 weie small, but in 1929 they wnie much laigei and included flies fiom 
seveial sites Theie is a second use m the autumn, m 1927 and 1929 a fall 
again occuiied m December but m 1928 the rise continued into January 
Giaph 2 shows the combined figures foi the two yeais 1928 and 1929, October, 
duimg which only 4 obseivations iveie made, is omitted fiom the giaph 

As the flies on which the graphs aie based weie caught fiom seveial 
cliff eient sites, mostly coivsheds, but situated at A'aiymg distances fiom human 
sleeping quaiteis, a separate analysis was made of the results of the blood- 
meals of the flies caught from one site on different dates Two hundred and 
sixty-nme P aigentipes were caught from site G, a cowshed situated 15 yards 
fiom a house m the endemic area occupied by a number of persons Table IV 
summaiizes the blood-meals of these flies during each month of the year, and 
these figmes are shown on Graph 3, again October has been omitted as there 
were only 4 flies dissected in that month The cmve shows much the same 
featuies as the others, viz , a use in June and a second use in the autumn 
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GriVph 2 



TjVblb IV 

P argentipes caught at one site (G) during diffeient months of the year 
{composite table foi 1928 and 1929) 


Month 

Total num- 
ber of flies 
tested 

Number m 
winch both 
human and 
bovine 
blood weie 
detected 

Number in 
which hu- 
man blood 
alone was 
detected 

Number m 
which bo- 
vine blood 
alone was 
detected 

Number m 
which 
neither hu- 
man nor bo- 
vine blood 
was de- 

tected 

Percentage 
of human 
feeds 

Januar> 


11 

. 0 

19 

0 

36 6 

February 


2 

0 

9 

0 

18 2 

March 

30 

6 

0 

23 

1 

20-0 

April 

28 

3 

0 

24 

1 

107 

May 

16 

0 

0 

16 

0 

0 

June 

27 

13 

0 

12 

2 

481 

July 

23 

0 

0 

23 

0 

0 

August 

35 

9 

0 

26 

0 

25 7 

September 

19 

9 

1 

8 

1 

52‘6 

October 

4 

1 

0 

3 

0 

25 0 

November 

19 

7 

0 

10 

2 

36 8 

December 

27 

5 

0 

19 

3 

18-5 

TotaIj 

269 





. 
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Ohsenahou<i an the Blood-meal of HandjUes 

Graph 3 

Showing the percent ige of flies from site G which had taken a feed of human blood 
during eicli mouth of tlie year (Composite graph for 1928 and 1929 ) 

PERCENTAGE 



The seasonal variation in the feeding habits of these sandflies requires 
some explanation It is not difficult to explain the autumn use in the per- 
centage of human-blood-feeding Ale's In oidei to obtain the strongest flies 
in the laboratoiy we bleed them under monsoon conditions of temperature and 
humidity Flies caught during the months of August, September, October and 
November have been bied undei these conditions and are, consequently, 
stionger, longei lived and able to flv fuither fiom the cowshed for then blood- 
meal They theiefore have a gieatei opportunity of getting a human blood- 
meal at some time dming then life But the shaip use in June is difficult to 
explain 

C Differences in the feeding habits of sandflies in different localities 

Most of the flies here analysed Aveie caught in the Kaorapukur area near 
Calcutta, a few however weie caught m another luial area near but on the 
othei side of Calcutta, also a kala-azai endemic aiea Otheis were caught 
at Puiulia, a non-endemic aiea 200 miles from Calcutta situated on the lower 
slopes of the Bihar plateau about a thousand feet above sea-level 

P aigentipes weie found in Piuulia, but in small numbers except during 
the monsoon and the period immediately after Starting with the pieniise that 
this sandfly transmits kala-azai, oui object m examining flies fioin this area was 
to see if any differ encm in the feeding habits of the flies could be established 
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which would iccount toi the fact tint kala-azai w\as not endemic in this 
area Wc natuiallv expected to find that the flies m Puiulia fed less fiequently 
on man than the flies in the endemic aica, wdieieas we actually found the 
contiaiy to be the case 

In Table Y below the lesults of the examination of the blood-meals of 71 
flies caught at Puiulia and 92 flies caught dining the same months in an endemic 
aiea in Bengal aie summaiized — 


Table V 



Endemic area 

Purulia (non- 
endemic area) 

Total numbei of specimens tested 

92 

71 

„ „ m which human and bovine blood were 

detected 

33 

35 

1 

„ „ m which human blood alone was 

detected 

0 

4 

, „ in which bo\ me blood alone was 

detected 

68 

24 

„ „ in which neither human nor bo\ me 

blood was detected 

1 

1 

8 

Percentage of total in which either human oi bo\ine 
blood was detected 

1 989 

1 

887 

„ in which human blood was detected 

35 9 

1 

54 9 

, m which bovine blood was detected 

98 9 

831 


D Di1]eiences in the feeding /labifs of sandflies, P aigentipes, caught at 
difjei ent sites in the endemic ai ea 

Unfortunately neaily all the flies used m this investigation came from 
cow'sheds In human habitations not only aie the flies fewer in number and 
moie difficult to catch, but theie are certain difficulties m obtaining admission 
to piivate dwellings, wdnch do not arise m the case of cowsheds Prom one 
site, B,, a living loom situated 25 yards from a cowshed, 16 flies were caught 
and 15 fiom anothei site, B„, an empty room situated about 25 yards fiom 
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a co^sshed on one side and fiom human sleeping cimutcis on the othci The 
icsults of iinahbis ot tlie blood-meals aie given below (Table VI) — 


Tvble VI 


Site 

i " 


Total numbei of bjictimens tosted 

1 

16 

15 

„ „ lu which both hmiuu md bo\mo blood 

wcip detoctfd 

2 

5 

, , m which hum m blood done was 

detected 

c 

0 

, „ m which bonne blood done ms 

detected 

1 

10 

„ „ m which neithei hiimnn noi bonne 

blood was detected i 

1 

1 

1 

0 

Peicentage of total m which cither human tn hoiine 
blood was detected 

93-75 

lOCfO 

, in which human bluod wa*’ detected 

5Cro 

33*3 

„ in which bovine blood was detected 

56 25 

100-0 


We have seen above (Table II) that of the sandflies (P aigentipes) 
obtained fiom all souices, mostly fiom cow^sheds, 92 8 pei 'cent contained 
bovine blood and 31 1 human blood, wheieas we obseive fiom Table VI that of 
P argenhpes caught fiom human sleeping quaiters onlj’^ 50 pei cent contained 
human blood and 56 25 per cent bovine blood This ceitainly adds snppoit 
to the suggestion pieviously made that P aigenti'pes feeds moie leadily on 
bovine than on human blood Fintheiinoie, wdien both kinds of blood aie 
available at some little distance (2nd column of Table VI) all the flies took 
the bovine blood, but only one-third took human blood 

E The influence of distance on the feeding habits of the sandflies 
The cowsheds in which flies weie caught were situated at diffeient distances 
from the human dia bitations In the endemic area theie weie altogether 8 si es 
from each of whiph moie than 25 flies w'eie caught and examined The num er 
of flies caught m each site, the percentage of these containing human oo 
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and the distance ot the site fiom the nearest human habitation are given m 
Table YII — 

Table VII 


Site 

Distance of site 
fioiu human sleeping 
quarters 

1 

Number of flies 
examined 

1 

Periontage m which 
human blood was 
detected 

I 

Adjoining 

29 

345 

P 

1 

»* 1 

35 

31*4 

H 

6 J ards 

82 

30r5 

W 

1 12 yards 

27 

22r2 

G 

i 

15 yards 

269 

24*9 

K 

20 yards 

62 

145 

B 

30 yards * | 

58* 

19*0* 

C 

35 yards* 

42* 

357* 

B excluding 
one catch 

♦ 

50* 

6*0* 

C excluding 
one catch 

* 

\ 

27* 

.111* 


*See note 


Note — Sites B and C are large cowsheds some distance from any human 
sleeping quaiters, but it was ascertained that occasionally men slept in the shed 
with the cattle A total of 58 flies was caught on 10 occasions fiom site B, 
on one occasion 8 flies weie caught and all were found to contain human blood, 
wheieas of the remaming -50 fiom site B only 6 pei cent contamed human 
blood In the case of site C out of a total of 42 flies one particular catch 
consisted of 15 flies of which 12 contained human blood, wheieas of the remain- 
ing 27 fiom site C only 11 1 pei cent contamed human blood It would thus 
appear to be obvious that these twm catches, one from each site, must have 
been occasions when men were sleeping in the sheds 

It will be seen fiom Table VII that, aftei making the allowances explained 
in the note attached thereto, the peicentage of human feeds is m inverse latio 
to the distance from human sleeping quaiteis of the site where the flies were 
caught This is, of comse, what would be expected 

In the investigation lepoited in our previous paper P mgentipes were 
caught m the mban areas of Calcutta Here large numbers of flies were caught 
in houses where no cows were kept, the nitrogenous matter wdnch the flies 
requue m then larval stage being provided by refuse and the droppings of 
other animals Such flies almost ahvajs contained human blood When 
how'evei, there were cows in the vicinitj, it w'as found that the great majority 
of the flies contamed boimie blood alone It was therefore concluded that the 
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ON THE VIBRIOCIDAL POWER OP THE WATER OP CERTAIN 

RIVERS OP INDIA 


B'i 


SARANJAIM KH VN, 0=^0 m b b s , or p h , d t m &. h 
{F)om the Bacteriophage Inquiiy, Indian Reseaich Fund Association, Patna) 

[Recei\ ed for publication, April 3, 1930 ] 

It is a t\ell-knot\n fact that the V choleice dies out quickly -when added 
to watei A good deal of experimental work has been done outside India 
tihieli need not be lefeiied to heie All this work proies the above-stated 
fact Hankin (1896) added choleia vibiios to the water of the rivers Jumna 
and Ganges and found that the^ soon died out Greig’s work in India corro- 
boiated those findings fd’Herelle, 1929) We (Khan and Agarwal, 1929) 
found that in the Ganges and the Jumna river water the vibiio died out in 
almost 24 hours In the same watei, only boiled, it lived on the aveiage foi 
about 3 days Hankin noticed this loss of the vibiiocidal power after boilmg 
He stated that the vibriocidal power of the water of the rivers Jumna and 
the Ganges was due to a volatile substance which volatilized on boiling He, 
howevei, adduced no experimental evidence in proof of this xuew Now, 
d’Herelle (1926) referring to Hankm’s work put in his own phenomenon in 
explanation of this fact He stated that ‘the vibriocidal action observed by 
Hankin must necessarily be referred to bacteriopliagy ’ 

After our work on the duration of the life of vibrios m the Ganges and 
the Jumna river water, it was found desirable to investigate the cause of the 
vibriocidal powei of the water of these rivers If it be true in nature, as it 
may be m the laboratory, that waters which contain bacteriophage are inimical 
to the cholera vibrio, and those waters which do not contain this principle are 
not, then certainly this fact is of much practical importance in the epidemiology 
of cholera For it then seems quite logical to suppose that the addition of 
bacteriophage to natuial sources of water may be expected to render them 
safe with regard to past or future contamination with the cholera germs We 
theiefore, took a sample of watei from the Ganges at Patna m order to see 
if its vibiiocidal powei was due to a volatile substance 01 to bacteriophage 
J MR ( 361 ) 1 
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The piotocol of the expeiiment is given at the end of this papei The leaction 
of the watei was lathci ilkiline being pH 8 at that time of the jmai (30th 
Apiil, 1929) This w'atei ms divided into seveial portions of about 100 cc 
each and placed in Ehilenmejei’s flasks of 200 cc capacity Seven of these 

portions were examined foi the piesence of a choleia bacteiiophage and it wms 
found that none of them had an\ such bacteiiophage The technique foi the 
detection of choleiaphage was as follows To each hundred cubic centimetres 
of the watei enough concentrated bioth was added to make the whole equal 
111 stiength to the oidmaiv bioth Then a choleia culture wms taken which 
experience had shown to be the most susceptible to the action of bacteiiophage 
About 3 niilligiams (bi Bi own’s opacita method) of this cultuie w'eie then 
added to the watci The watei thus heated w'a^; left at room temperature and 
filteied next moining through a Chambeiland candle L3 Ten cubic centimetres 
of this filtiate weie added to a fiesh emulsion of the choleia vibiio in 10 c c 
of bioth and w'eie found to contain no choleiaphage — there wms no lysis at all 
and when 0 04 e c of the niixtuie w'as plated out on a Petri dish and the plate 
incubated at 37°C foi 24 houis, no plaque of bacteriophage was discovered 
This part of the expeiiment show'ed that the sample of the winter contained 
no choleraphage At least none was discoveied by a leasonabh' intensive 
method for the detection of bacteriophage 

The vibriocidal powei throughout this experiment was determined as 
follows To a flask containing 100 cc of the Ganges w'ater about 0 222 
milhgiams of a 24-hour old cultuie of cholera vibiio was added One cubic 
centimetre of this w atei w as inoculated into 8-10 c c of peptone water the 
leaetion of which w'as pH 8 and after incubating foi foui hours at 37°C , an 
ordinary -sized loopful was plated out on a bile salt agar plate The plates 
w'eie examined after 18 houis of incubation, and the numbei of vibrionic 
colonies counted For fuither confix mation some of these colonies weie 
tested foi agglutination, and also foi moiphologv by staining If no mbiio 
could be recoveied fiom the water by this technique foi a numbei of successive 
daj's, it w'as presumed that the vibiios that w'eie added had died out 

In spite of the fact that the xxatei contained no choleraphage as desciibed 
above, its vibriocidal powei had not suffeied in the slightest degree The 
vibrios that weie added to the law Ganges watei died out in less than 24 hours 
The vibriocidal pow'ei of the wmter of the Ganges, therefore, is not due to 
bacteriophage 

A part of the lest of the experiment was devised to see if the xubriocidal 
power w'as due to a volatile substance In the fiist place, therefoie, one 
hundred cubic centimetres of the wmter were boiled foi five minutes in sealed 
test-tubes No volatile substance could have been lost to any appreciable 
degiee undei these ciicumstances, yet the vibriocidal powder wms lost consider- 
ablj In the watei boiled m sealed test-tubes the vibiio lived foi 2 days 
Secondly, a htie of the watei was placed in flask A, which was connected by 
means of a glass tubing wuth an Ehrlenmeyei flask B containing 100 c c of 
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the watei which had been picviously boiled foi 5 minutes Flask A ^vas heated 
at 60°C foi 15 minute-? in oidci to volatilue any volatile substance fiom 
flask A to flask B Simiiaily it nas tiled to \.olatilue the ,substance at 70°C 
into anothci flask C containing 100 c c of boiled watei and so on at 80°C into 
flask D and at 90° C into flask E In none of the flasks B, C, D and E did 
the boiled watei legain its vibiiocidal powei b> anything that might have 
volatilized into it fioni the law watei m lla^k V Tiie vibiio Ined in them 
foi the noimal peiiod of tliiee days 

Neveithelcss the watei had lost its vibuocidal powci in eveiy case when 
heated foi 15 minutes at 60°C , 70°C , 80°C oi 90°C The vibiio lived in 

each of them foi the noiinal pciiod of thico days Also, when the water was 
heated foi half an houi at 55°C , it completelv lost its vibuocidal power It, 
howcvei, did not lo'ic the vibuocidal ponei nhen heated at 50°C foi 15 minutes 

To what then is this vibuocidal powci due'? It is not, as Hankm supposed, 
due to a volatile substance in the watei No vibuocidal substance can be 
volatilized ovei fiom the watei and the watei loses its vibuocidal powmi when 
heated undei conditions that no volatile substance would escape 

The vibuocidal powmi also is not due to bacteiiophage The wmtei wms 
found to be just as vibuocidal even wdien no cholciaphage could be isolated 
from it Fuithei, the vibnocidal jiow’ei w\as completely lost wdien the w'ater 
wms heated at such a low' teinpeiatuio as 55°C This tempeiatuie is too low 
to destroy any bacteiiophage if it weie piescnt 

It may, howevei, be suggested that the Mbiiocidal power depends on two 
vital punciples of biology on which the diuation of life of all living beings 
depends These aie, fiistly, the supply of food available foi assimilation and, 
secondly, the presence of the pioducts of metabolism In law w’atei theie aie 
many other oigamsms which aie competitois of the available food mateiial 
They use up the food piesent m the wmtei and by so doing cause the death of 
the vibiios that aie added It is possible the pioducts of then metabolism may 
contiibute in bringing about this lesult By heating the wmtei at 55°C foi 
half an houi most of these oigamsms aie killed They, theiefoie, aie now' 
not only no longer competitois of food, but then dead bodies furnish food 
mateiial foi the V cholercB The V choleios, theiefoie, lives for a much longer 
period in the heated watei 

Thus, if we filtei the law watei through a Chamberland candle in such 
a way that all the oigamsms piesent m the watei aie held back, w'e will find 
that the filtrate winch is fxee of all bacteua is still vibuocidal but not so much 
as law water What is the explanation of this? It is possible that the vibrio 
lives longei in the filtiate than m law watei because the foimei is free of the 
extianeous organisms On the other hand it lives for a much shoiter time m 
the filtiate than m boiled w'atei because piobably the filtiate is less rich in 
food mateiial It ceitainly does not contain the dead bodies of most of le 
bacteua and othei coarse oiganic raattei that do not pass tlnough a Chamber- 
land candle L3 
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SOME PECULIARITIES IN THE MALARIAL TEMPERATURE 
CHARTS OF CHITTAGONG HILL TRACTS 


BY 

SAR-SlSI lal sarkar, 

Cit'd Swgeon, Noahhah 
[Received for publication, April 10, 1930 ] 

While I was at Aiambagh, a teiy malarious and unhealthy town in the 
distuct of Hooghl}, I made a thoiough spleen census of the children in the 
town and published my lesults in the foim of a papei in the Indian Medical 
Gazette of Septembei 1913 In this paper I showed that though theie was no 
diffeience in the intensit-y of malaiia as judged by the splenic census of the 
different waids of the municipality, still, when I tiied to deteimine the amount 
of malaiial infection m the diffeient sub-castes of the Hindus, it w^as found 
that the membeis of some Hindu sub-castes scatteied thiough the towm who 
weie residing fiom a very long time showed less malaiial infection comparatively 
than othei Hindu sub-castes who weie new-comeis Next when I was trans- 
feiied to Nadia District, I published a papei named ‘ Some Studies in Malaiia 
m Nadia Distiict’ m the Indian Medical Gazette of Apiil 1916 At the time 
of collecting mateiials foi this papei it came to my notice that repeated infec- 
tions duiing early life leave a pionounced resistance against malaiia m adult 
age 

I was posted soon aftei to the Chittagong Hill Tracts as the Civil Smgeon 
of the place Theie I found that though splenic enlaigement was veiy common 
amongst the childien of the hill tubes, it w'as piactically absent amongst the 
adult population of the hill tubes 

Fuithei the detailed study of the spleen census of children, age by age 
showed a definite law' legaiding the splenic enlaigement of children To e\-plain 
this, I append heiewith the curve wdiich was published in my paper named 
‘A Peculiarity in the Spleen Rate as Observed in the District of Chittagong 
Hill Tiacts,’ wdnch appeared in the Indian Journal of Medical Research, April 
1921 In this curve the percentage of enlarged spleens for each year has been 
legal ded as ordinate and lespective years of age of children as abscissa The 

( 367 ) 
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It has subsequently come to my notice that Lieut -Col S P J ames, i m s , 
m his book ‘ Malaua at Home and Abroad’ has published a curve which is 
veiy similai to that obtained by myself 

Three and a half yeais latei Chiistopheis published his papei, ‘The 
jMechamsm of Immunity against Malaua in Communities Living undei 
Hypci -endemic Conditions' in the Indian Journal of Medical Reseaich, October 
1924, which may be regarded as one of the most comprehensive pronouncements 
on the question of immunity m malaua, the subject I tried to study m my 
previous paper The aiea and the people m which and amongst whom 
Christopheis earned on his investigation was veiy similai to the locality and 
the people conceined with my investigation In tins piesent paper I shall 
utilize some of the lesults ariived at by Col S R Christopheis 

At the time of cairymg out my malaiial suivey of Chittagong ^ill Tracts 
during the jears 1917 and 1918, the pecuhai natuie of the fever attracted my 
attention Attention to this was diawn by the following lemaiks in my paper 
m this Journal already leferied to — 

‘ The remittent or continuous type of fevei which is fiequent in the 
malarial distiicts of Bengal is not usual among the hill children In fact 
during m> stay in the distiict, cases of continued fevei noticed by me have 
occurred as a lule amongst the non-Inll tube population The veiy 'few cases 
of continued fevei I have seen amongst the hill children have all occurred in 
very young childien under two years of age, and some of these have been 
fatal ’ In the clinical notes on the few cases published in my paper it was 
stated that though all the cases are suffering fiom marked enlargement of 
spleen, several of the cases are afebrile, some cases showed a use of tempera- 
ture occasionallv as foi example 2 oi 3 times a month Sometimes there was 
only a slight continuous use of temperature 3 oi 4 days at a time 

After reading the researches of James, as well as those of Christophers 
previously referred to, I found myself again interested m the study of the 
malarial temperature charts m the Chittagong Hill Tracts I was able to 
secure some temperature charts from the district through the kindness of 
Dr L M Roy and his successor Di R Ghosh, Civil Surgeons of the district 
But for then kind favour, I would not have had materials to write this paper 
I should mention here that Di L M Roy was in very bad health when I asked 
him for the temper atuie chaits and he ultimately died without recovering his 
health But his broken health did not prevent him taking trouble in the 
inattei and he requested his successor to continue the help to me, when he was 
compelled to take leave on account of his illness 

To elucidate some points m my piesent papei, I quote below a few extracts 
from the excellent paper by Christophers, on the subject of ‘ Immunity against 
Malaua under Hjqiei -endemic Conditions’ 

‘Among the 18 children of age 1-2 resident on the estate for at least 
12 months the average parasite value was 12,084, and the infections encoun- 
tered ranged fioin 83,000 to 140 parasites per c mm Assuming that each 
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child had the siunc lubtoiy ab logaidb cjclca of pauibitcb as the otheis, we may, 
foi the iHupobC of illubtiation, make the following appioximate estimate of 
what an indiMdual child [las-^Cb thiough As 18 chikhcn cvuuincd at landom 
at a given tune had 5 infections of 10,000 pci c mm , one child of these 
18 IS likely m 18 days, on an avciage, to ha\e 5 buch mfectioiib Similarly, 
foi 13 out of ihe IS days it ought to ha\e o\ei 1,000 paiabitcs pei emm, and 
no day without paiabitcs The ■'ignihcance ol thc>e findings is fuithei appre- 
ciated wdien it lb coiibideied that, as a icsult ol countb of parasites in attacki, 
among seamen, Ross and Thomson (1910) fi\cd 200-500 m the case of P vivax 
and 600-1,500 in the case ol P lalupmittn as the number of paiasites pei emm 
lequiicd to cause fe\ei Fioni counts gi\on by these authois it would seem 
that fiom 3,000—1,000 paiasitcs pei emm wcie mvaiiablv associated with an 
attack, apd a tcmpeiatuie iisuig to 103° F oi o\ei Taking e\en 5,000 paia- 
sitcb pel c mm as a toiuenicnt test nunibei loi an infection sufRcicnt to cause 
an attack, each of these childien mubt be consuleied as undei ‘attack’ 
conditions m ie==pctt to the nunibei of pauisitcs m then blood on 8 out of 18 
days at least Not only so, but the numbci of jiaiasitcs would lepiesent attacks 
of some seveiiU The liighest count m the senes is only once exceeded m 
Ross and Thomson’s figuics, and out ol 30 attacks m the seamen, only 8 aie 
as high as the next foui highei m the childicn This dcgice of infection, also, 
w^as not dm mg the fe\ei season when one might suspect it to be tempoiaiy, 
but at a time wdien malaiia ti aiisiiiission was piobably least active 

‘Theie seems little doubt, theiefoie, that this intense mlection, that can 
only be desciibed as continuous attack, w'lth an avoiage paiasite count of ovei 
10,000 parasites pei cnmi , and lasting something like tw'o years, is an essential 
featuie of hx pei -endemic conditions I shall call it the stage of acute infesta- 
tion It IS exti aoi diiiai y to considei that a small baby should be able to pass 
successfully thiough a two-ycai-long attack of malignant teitian, wdiich is 
what such a stage amounts to 

‘ In childien of age 2-5, wdio have been icsident on the estate foi at least 
tliiee yeais, the piopoition infected is still as high as evei, but the average 
value of the infections is now altogethci diffeient, foi the average number of 
parasites is now only 1,200 pci emm, and the highest infection encountered 
one of 5,420 parasites per emm For the sake of illustration w'e may say that 
at this stage the child now only has an attack about once in 25 clays 

‘Through age period 6-10, among those who have passed thiough the 
ordeal of acute infestation, the numerical value infections ivas under 1,000 
per c Him , though the actual infection rate w'^as still approximately 100 per cent 
The period following acute infestation and lasting thiough childhood to adoles- 
cence we may call the stage of immune infestation 

‘The net result of childhood passed under hy’^pei -endemic conditions is the 
acquirement of a form of immunity It is probable that immunization is 
produced not by infections and attacks scattered thiough the age of childhood. 
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IS I think has gonenlly been supposed, but by a penocl of teiiific parasitic 
infestation lasting some t%\o yeais, followed by a changed state in which para- 
sites aie still to be found but m small numbeis The peiiod of acute infesta- 
tion should noimally stait shoitly aftei buth, but in the case of immigiants 
maj commence at a latei age ’ 

Theie is a fact mentioned in the above extiact the impoitance of which 
appeals not to be appieeiated often at first sight This is what has been 
desciibed as acute infestation by Chiistopheis 

Aftei completing mv spleen cuive of the hill childien of Chittagong Hill 
Tiacts, I consulted Di Khambatta, Assistant Diiectoi of Public Health, who 
was deputed then to the w'oik of malaiial leseaich under the Public Health 
Depaitment of Bengal, as to wdiethei a cuive, similai to one obtained by me, 
can be constructed out of the mateuals of splenic census of children taken by 
his depaitment foi any place in Bengal Di Khambatta very kindly took 
time to asceitain this by actual tiial wuth the statistical data available in his 
depaitment and in the end ga\e his answ’ei in the negative Now what may 
be the leason that Di Khambatta could not get a cune of splenic census like 
that of the Chittagong Hill Tiacts e\en m the hypei -endemic malarial area 
in the plains of Bengal^ The leseaiches of Chiistopheis have demonstiated 
the reason, which is a® follows In the hvpei -endemic aiea of Singhbhoom as 
well as that of Chittagong Hill Tiacts theie is happening acute infestation in 
consequence of which immune infestation is uniform];^ occuiimg amongst the 
lull childien But the hjpei -endemic aieas, which were under Dr Khambatta’s 
obseivation, weie piobabh post-epidemic hypei -endemic aieas, at least these 
weie areas where the phenomena of acute infestation as well as immune 
infestation weie not piesent m a degiee to produce the phenomenon of immunity 
almost unnei sally as was observed amongst the childien of the hill tubes 

The cuiie can be explained by the facts of acute infestation and subsequent 
immune infestation as haie been pointed out by Chiistopheis The child soon 
aftei birth goes thiough the phenomenon of acute infestation, wdiich causes a 
use in the spleen cuiie up to about 3 years Subsequently theie is immune 
manifestation, wdiich causes a steady fall in the spleen curve 

If we study the tempeiatuie chaits of malaiial cases of a place wheie 
immunity is taking place through the phenomena of acute infestation and 
immune infestation and compaie these with tempeiatuie chaits of a place in 
the same distuct, which is not liyper-endemic and wdieie there is no acute 
infestation and immune infestation we shall notice some chffeiences 

I took spleen censuses in diffeient paits of Chittagong Hill Tiacts and I 
found this to be longest at the pait of the distuct known as IMahalchari wheie 
the spleen late w-as 38 per cent I give here some tempeiatme charts of 
childien of this pait of the distuct As Mahalchaii aiea is not hyper-endemic 
the splenic enlaigement amongst children is not so noticeable here as m the 
othei paits of the distuct 



372 


P(‘( uIhu lu Mala) in Chaiis of Chitlagong 

Plate XXVII, Chait 1 ib the tompeiaUuc chait of a male chikl named Kluja 
aged 6 yeais ^\^thout any biilcmc enlaigcmcnt belonging to Magh caste of the 
hill tubes 

Plate XXVII, Chait 2 is that of a bo\ named Khijan aged 11 ycais having 
splenic enlaigcmcnt of two fingci bieadtlu belonging to the Magh caste of tlic 
hiil tubes 

These two tempciatine ehaits have been piepaicd b> S A S Satish 
Chandia Khan, m chaige ol Mahalchau Dibpeu-'aiy 

These teinpciatuie chaits mav be compaicd with tho&e taken m tw'o othei 
paits of the distuct wdnth aie h> pei -eiuiennc aioab The following aie some 
of the tempeiatuie chaits of chikiien taken m aoine villagCb of Raingaih Thanah, 
the splenic late being about 80 pei tent 

Plate XXVII, Chait 3 u that of a male child named Chingtlui aged 3 yeais 
belonging to the Magh ca&te of the lull tiibcb The spleen m this case is one 
inch below' the umbilicus and the livei hall an inch below' the costal inaigin 

Plate XXVII, Chait 4 ib that of a lemale thikl named Oinbai aged 6 yeais 
belonging to the Magh section of hill tiibe'> The bplecii i& 2\ inches below' the 
costal inaigin 

These tempeiatuie cluuts have been aciit by S A S Piasanna Kumai 
Baiua, m-chaigc of Raingaih Dispcnsaij 

The teinpeiatiiic chaits wdneh aie gnen nboie taken diiung tiie non- 
malaiial season ha\e a lescmblance to those of puinai> feiei desciibed by 
Col Janies But in the uialaiial season we get attacks like inalaiial fevei 
distiibuted at iiiegulai mteivals The follow'ing aie a few clinical histones 
which I collected w'hen I was at Chittagong Hill Tiacts w'lth the lesult of 
blood examination These clinical histoiics have been published in my papei 
in the Indian Journal of Medical Beseaich, Apiil 1921, winch aie given below' — 

1 Foreya Chakma male, age 12, i icc Chikaia A lege benign teitian parasite found 
Spleen just palpable The boy occasion ilh gets fevei, but at the tirae of taking the blood 
film theie was no fever His inothei staled that tiio boy had sufteied much fioin fevei 
in his earhei years 

2 Botal Bhusan Dewan male, ige 12, lace Cliiknia Malign mt teitian pan&itc 
detected The boy is in poor health, suffering fiom scabies and other skin diseases Spleen 
extends thiee finger bieadtlis below the costal niaigin The boy has not suffeied seiiously 
from fever Duung the last six months he has only had fevei once, and that only foi two 
or thiee days The boy had no fevei when the film was taken 

3 Ciyoshi female, age 3 yeais, lace Magh Mdignant teitian rings iveie detected 
bv Di Maitia She had an enlaiged spleen thiee fingei bieadths below the costal arch 
She suffeis horn mteiniittont pyiexia of teitim type, le, she gets feiei at eveiy third day 
foi thiee 01 foiu days at a time Fevei is pieceded by chill and iigoi Eveiy attack of 
fevei has a cold stage foi about an houi and then a hot stage for foui oi five houis and the 
fever remits with sweating The duiation of this ailment is said to be of more than a 
year The child suffers from this type of fevei twice oi thiice in a month 

4 Radiia Kishore male, age 4, race Tipperah Di J C Mukerjee found malignant 
teitian rings The sjileen is enlaiged foui fingei bieadths below the costal aich He suffero 
from intermittent fevei of malarial type 








PiA'ii. XXVIll 
Ch ut 5 



Ch-irt 0 



Chart 7 






S L Sailai 


373 


5 Gayaswan female, age 2i years, race Tippeiah Dr J N Maitra found innumerable 
rmgs of malignant tertian parasite She has an enlarged spleen three finger breadths below 
the costal arch She gets fever four or fi\e times a month of malarial intermittent type 

6 Panchaswari female, age S years, race Tipperah Dr MuLerjee found malignant 
tertian rings The spleen extended to the umbilicus She gets fever at intervals of one 
or two days Fever is preceded by chill and rigor Duration of the disease is said to be 
three years 

7 Satin Kumar male, age 4 years, race Tipperah Dr hlaitra detected innumerable 
malignant tertian rings in the blood The spleen extends three finger breadths below the 
costal arch He gets fe%er once or twice m a month Fever is of quotidian type and is 
pieceded by chill and rigor The duration of the disease is gnen as about two years 

8 Lakshmipaty female, age years, race Tipperah Dr Mukerjee detected malignant 
tertian parasites Spleen is four finger breadths below the costal arch She gets fever 
frequently Feier is preceded by chill and rigor and lasts with continuous rise of temperature 
three or four days at a time Her livei is enlarged 

9 Aphoo female, age 4 years, race Magh Di Mukerjee found malignant tertian 
parasites m the blood Spleen extends four finger breadths below the costal arch She 
gets fever eaery day, sometimes every third day Fever is preceded by chill and does 
not last for more than seven or eight hours She is a little amemic Digestion not good 
Bowels irregular, often loose 

In the above clinical notes the following points of interest may be noticed — 
The outbursts of malaiial fevei take place at nregular and as a rule aftei 
pretty long intervals Though all the children are infected with tertian para- 
sites, the types of fevei are different Case No 7 is of quotidian type In 
cases Nos 6 and 9 it is sometimes quotidian and sometimes tertian The 
mechanism of this can be understood by the light tliiowm by the researches of 
Col James In ca«e No 8 it is stated that theie is a continuous rise of 
temperatuie three or four days at a time A typical temperature chait of this 
kind can be seen in the chart of a Hindu Tipperah boy aged one year with 
splenic enlargement of 11 inches below costal maigin given below, with two 
othei temperature charts of hill childien The following are the clinical notes 
about the charts — 

Plate XXVIII, Chart 5 Name, Bashanchaii, caste, hill Tipperah (Hindu) , 
age, 1 year Spleen enlarged li inches below costal margin 

Plate XXVIII, Chart 6 Name, Taralhari, caste, hill Tipperah (Hindu), 
age, li years Spleen was palpable 

Plate XXVIII, Chart 7 Name, Mounchawo, caste, hill tribe, age, 2 years 
Spleen 2 inches below the costal arch 

These charts have been sent by Sub-Assistant Surgeon Abu Zaffai Mohamed 
Samsuddin of Dighinala Dispensary 

Now if we compare these temperature charts with those of Mahalchari 
side which is not a hyper-endemic aiea we shall notice the following 
differences — 

In Alahalchau side temperatmes rise to 103°F and frequently above but 
this IS not frequent in the tempeiatuie charts of Dighinala side In' the 
tempeiatuie chaits of Mahalchari side, there is an abrupt rise and fall but in 
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the tempcintiue chaits of Disliinala •ijde, thcic )■> the tendency foi the tempeia- 
tmcs to lemani at constant le\eK foi some houis aftei use, so that the apical 
points of the tcinpeiatuic chaits of Alidialcli.ui "idc jncsent peaks, nhile the 
apical points of the teinpeiatuie chaits of Diglnnala side icseinble a series of 
flat plateau ^\lth lc\el tops Tlic teinpeiatuie chaits of IMahalchaii aiea 
icsonible the tcnipei.itinc tliaits ol oidinaiv inalaiial fcveis as met with in 
plains of Bengal, but tlie teinpeiatuie chaits of Dighinala aiea aie not so 
because the outinn-'ts ot fc\ci do not coue''pond with the legulai peiiodicity 
of oidinai\ nialaiial lc\ci l\[oieo\ei, the ii-'C of tenipeiatuic is not abiupt 
and high as met with in oidinai\ nialaiial te\ei If the teinpeiatuie chaits 
aie aiiangcd accoiding to age, it will be lound that m the lu [ici -endemic aiea, 
1 c , on Dighinala sulo, the acutcnc-'s oi fe\ei, as indicated b\ the height of the 
use of teinpeiatuie, sliows a tendenii to diminish with the ad\ancc of age, 
though tlieie aie exceptions But no such tcmlencx is manifest in the siib- 
cndemic aiea, as on IMahalchaii side 

Anothei point of diftcience between the nialaiial feveis of the hypei- 
endemio aiea and sub-endemic aiea is this Though m the In pei -endemic 
aiea the maniicstation of Icvei is of sub-acute tjpe as compaied with 
that of fe^els of sub-cndemic aicas, vet this low tjpe of fe\ci does not yield 
as leaclilv to quinine tioatmcnt, as the inoie fiank Upes ol malaiial fevei in 
the sub-endemic aiea Some of the leasons toi the same we can find in the 
leseaiches of Chiistopheis Pie has shown tliat the infection b\ descents 
vaiied with the numeiical \alue of paiasitic infection (asevual) pei c mm in 
the hvpei -endemic aiea in which he examined the childien Fiom analogy 
w^e may conclude that the same state of things pie^ail amongst the childien 
of Chittagong Hill Tiacts, as thcic is evidence of similai acute and immune 
infestations of childien m this icgion At Singhbhoom Clnistoplieis found 
descents amongst childien as high as 392 pci c mm and the aveiage value as 
96 below one veai’s lesulencc, 59 m childien of one jeai’s lesidence, 53 in 
childien of two yeai'i’ ic^iidencc and 37 in childien ovci twm xcais' lesidonce 
Such a high degice of descent infection is pciliaps sufficient to explain the 
relapses imdei a tieatment wnth insufficient dose of quinine as shown in the 
tempeiatuie chaits given below" Besides tins tlieie may be othei leasons as 
well The paiasitic index in hypei -encleinie aiea as has been show"n in the 
papei of Chiistopheis is pietty high, as compaied w"ith that m a sub-endemic 
aiea We would natiiially expect that in fevei cases wdieie the paiasitic index 
IS high, childien will be cnied wuth moie difficulty, will suftei moie i elapses, 
than m a case wheie the paiasitic index is low" 

Lieut -Col S P James, ims, m Byam and Aichibald’s ‘Piactice of 
Medicine m the Tiopics,’ Vol II, page 1634, has stated, 'In all piobability 
quinine has little effect on paiasites in led cells in the capillaiies of internal 
oigans and deepei tissues, Ramsclen and Lipkm have adduced evidence beaiing 
on the possibility that in the blood vasculai system tlieie aie legions which 
aie kept almost fiee from quinine thioughout a peiiod of quinine tieatment 
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Now if the paiasitic mde\ is high theie is moie chance of gi eater number of 
paiasites escaping the action of quinine by staying in this region than when the 
paiasitic inde\ is low 

I append herewith the temperature charts of childien under the adminis- 
tiation of quinine collected fioin Bandeiban side of the district where the 
splenic index is about 75 pei cent 

Befoie concluding my papei, I shall earnestly thank Di L M Roy, 
Di R Ghosh, the pieiious and the piesent Civil Surgeons of Chittagong Hill 
Tiacts, Sub-Assistant Siugeon Piasanna Kiimai Boiuah of Ramgaih Dispen- 
siiv, Sub- \ssistant Suigeon Abu Zaffai Mohamed Samsuddin of Dighinala 
Dispensau, Sub-A^sist int Suigeon Satish Chandia Khan of Mahalchaii Dispen- 
siiy and Sub-ANSistaiit Suigeon A F Ah Hasan of Bandeiban Dispensaiy all 
of whose kind help and co-opeiation have made it possible foi me to wiite the 
piesent papci 

Conclusions 

(1) Lieut -Col S R Cluistopheis, ims, has pioved that hypei-endemy 
IS a special foim of endemy cairying its own particular conditions compounded 
of the functions of infection and immunity under a paiticulai class of 
circumstances 

(2) The temperature chaits of malaiial fevers under hyper-endemic 
conditions are somewhat different from ordinary malaiial temperatuie chaits 

(3) The malaiial fevei cases of the hypei -endemic areas aie more lesistant 
to quinine ticatment, and are moie liable to relapses than ordinary malarial 
fei ei s 


Sarkar, S L (1921) 

Idem (1916) 

Idem (1917) 

Christophers, S B, (1924) 

James, S P 
Editorlal (1926) 

James, S P (1922) 
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MALAEIA AND BLACKWATER FEVER AT NOAjMUNDI 


C STRICKLAND, m \ , m d , 
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K L CHOVDHURY, MB (Cal), 

Malanologist, 

School of Tioyical Medicine and Hygiene, Calcutta 
[Recei\ed for publication, Apiil 16, 1930] 

Throlgh the kindness of Mi Semoi-Wlnte of the Bengal Nagpui Railway 
Alalaiia Pievention Seivice we weie m August 1929 enabled to make a few 
observations on some of the conditions associated with blackwatei fevei and 
malaiia at Noamundi, a lailvay settlement* m the Smghbhiim Distiict of 
Chota Nagpm and, as a contiol to these obseivations, some otheis m an 
adjoining vallei , that of the Betlata, mIucIi is the home of the aboiiginal Kols 
(see Map) 

Fhisicu. features of the couxtra 

The countiA heie is undulating Mith low lulls and vallejs In each valley 
theie aie one oi moie stieams into which tiickle hill-foot spimgs The lulls 
and valle\s aie natuialh coveied by foiest but aie nude wheie mmmg is 
going on, and a few of the valleys outside of the mining concessions aie 
cultivated Noamundi mining camp lies between 1,400-1,800 feet altitude 
in one of the little e alleys, and tlu« has appioMinateh the following 
dimensions — 

Length, noith-south, neaily two miles 
Bieadth, east-west, a little ovei a mile 

The soil lE, muriam with exposures of hematite and patches of banded 
quaitz and lateiite 


* About a mile to the south of the Bengal Nagpur Railwaj line ( \mda-Gua Branch 
line) and a mile and a half from the Noamundi railwaa station with which it is connected 
bj a broad giiige siding line 1 it 22° 9 X Long S5° 29 E 

J ilR ( 377 ) 


a 
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MaJana and fJIacltrafr} F, 


cvp) al Noamioidi 





ThR CTjIMVTR 

Aveiage annual lainfall q 4 mches (noimal) 

Wet months 3 

9 

We give oui obseivations of these two aieas side by side when the data 
aie available and foi much of the infoimation we aic much indebted to 
Mr B B Mitia, the managei of the mining camp 


Short history op these settlements 
Theie was a tempoiaiy settlement while the woik was staited in 1923, 
then in 1926 the camp was shifted to a now, the piesent, site, m peimancnt 
buildings 
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Watei supply — ^Two natiual spnngs aie collected into a reseivoir, 300 feet 
highei than the camp levels, to which theie is a pipe-supply 

Our surwv 

We now gne the lesults of oiu smvey in this pait of the countiy and the 
conclusions to which we think they lead 

Spleen-indices 
hon-mines camp 

Knowdes (1929) says that in ISIaich 1929 the S 1\ w'as for the aboriginals 


58 per cent, and for Bengalees 40 per cent 
We obtained the follownng figmes — 



exd 

pos 

S lx 

Upper camp, Bengalees 

5 

2 


„ „ Oonyas 

16 

4 

25 

Cooly-huttings— 

Nos 2 and 3, Oori>a3 

50 

24 

48 

Cooly-huttings— 

No 1, Oonyas and Kols 

43 

30 

70 


Torm 114 

60 

44 


Blood pamsiUsed-clnldren-indev and specific indices hon-mines camp 


Specific indices 



Films 

Films 

P Ix M T 

B T 

Q 

Upper camp babus lines, Bengalee 

exd 

5 

pos 

2 

50 

50 


Upper camp coolj lines, Ooin is 

14 

9 

43 

30 


Cooly-huttings — 

Nos 2 and 3, Ooiijas 

21 

s 


24 

14 

Cooly-huttings — 

No 1, Oonyas and Kols 

16 

9 

15 

23 


Tot\l 

66 

28 

43 17 

26 

5 

Prevalence of 

BLACKWATER 

FEVER 

AND MALARIA 




Iion-mines camp 

A schedule is attached (Appendix I) showung the lecoid of blackwater 
cases in the camp fiom Decembei 1927 to January 1930 They amount to 
21 including one imported 

The only points to which we heie diaw' attention are these 


Race 

Racial incidence Bengalees 

and occupation Punjabi 

Oonj as 
Guikha 


Occupation 

17 mimstenal est iblishniei t 

1 artisan 

2 coolies 
1 CQoly 
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Malana and Dlackivatoi Fovat af Xoaniiindt 


the cooh population lieie f^icatlv outnumbeis the ■'Upeiioi classes the 
\ei\ i^ieat picdi'^iiosition to h w of the hittci i> a‘' maikcd at Noamimdi as 
in the Bengal Diiai'J, oi the Teiai, a-^ ha^ been lepoitcd on el«c^\hoie 

Thu" tiiking the population in 1928 a^ the a\eiage uc cMlculatc that — 

tlioc iLcic tatiCt> tc,ialcpei vulle 
of b u about 

17 ofiiceis 0 

2S0 clerks ind otliei nuuistcinl cst ibhdimeut ind 17 Cl 

iihsiDS (excludin'; inipoiled cise) 

1 311 coolies 3 0'2 

These riguie-' co\ei, it inu-'t be lemeinbeicd, a peiiod of 26 months, and 
aie compaiable xMth a late of 312 pei inille in the Teiai foi a peiiod of 11 
yeais The icspcctne cooh-iate-' x\eie ncveithele's about the same notwith- 
standing this diffeicnce ol tune, and would indicate that the coolies living 
undei the condltlon-^ pci taming at Noainundi aic moic aftccted than a tea- 
gaiden population 

Theie w^eie lecouk of quinine ticatinent in 10 of the 20 non-impoi ted 
cases 

The length of i evidence picvious to attack vaiied fiom 5 months to 3 yeais 
The month of attack (vale the lecoids m xkppcndiv I) w'as maikedly in 
the non-monsoon «:cason 

Theie weie 16 b w habitations in the liighei camp and 3 in the lowei 
Malana sickiie^^ at Noamundi non-mmes camp 
The incidence ot malana wa" definitolv veinal and autumnal 
Some annual incidence lecoids weie as follow's — 

Va/ona cases Population Rate pci millc about 

1927 5,044 2,590 2,000 

1928 S,268 1,679 5,000 

The Bengalees, Punjabis and Behans w'eie the most susceptible to malana 
Punjabi mechanics at w'oik on lailway constiuction have had to be 
lepatnated eveiy 3 months ow'ing to constant and seveie malana 

With legaid to local distnbution, the lowei paits of the camp w'eie 
consideied to be less malanous than the uppei 

Other diseases specially pievalent weie pneumonia and dysenteiy 

Mosquitoes 

Adults — ^The following table shows the adult catch fiom,18th August to 
15th Septembei, 1929 


t=McCutcheon (1928), Stiickland and Chowdhiuy (In Press) 
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Adidt inoiiquitoes caught ni Koanmndi dunng peiiod ISth August to 15th 

Septembe) , 1929 



2 1 

~ i 

o 

S3 

CO 1 

o 

§1 

snpotinf 

1 

inaculalus 

macuhpalpis 

eo 

2 

2 

a. 

c«*< 

! 

hi 

1 O ' 

theobaldi 

vagiis 

Male 

Female 

S7 

442 

4 

\ 

1 2 

17 

1 ' 

1 

41 

6 

! 

1 

! 41 i 

148 j 

1 1 

10 

1 

1 130 

9 689 

Tot\i. 

i 

529 

4 


41 

6 

11 

1 

1 

189 

10 

9 819 

f 


We di.w attention to the small catch of macidatus (6) while cuheifacies 
(529) was fai inoie pievalent than funestus (19) 


Larv^ 

We fiist appose the lecoicl of the catch fiom the Noaniuncli mine aiea to 
that fiom the adjoining Betlata Rivei valley and have calculated each as for 
a pciiod of 100 da%« (the actual catches aie shown in Appendix II) 




Betlata 

Ii on- mine 



valley 

aiea 

A 

aithem 

65 


A 

bai bii ostns 

18 


A 

culicifacies 

1,842 

11,546 

A 

juliginosus 

1,030 

555 

A 

junestus 

5,930 

991 

A 

hyicanus 

65 


4 

jamesii 

277 

646 

A 

jeypoi lensis 

1,036 

437 

A 

hai wai i 

53 

210 

A 

macidatus 

2,977 

3,900 

A 

macuhpalpis 

683 

919 

A 

majidi 

336 


A 

theobaldi 

71 

382 

A 

vagus 

165 

10 

1 

i osst-vaqus 


10 

A 

l OSS! 


7,255 


The gieat ineieasc in the mined ^ alley of culicifacies nith a neaily 
coiiesponding decicase of funestus and m both macidatus about equally 
pievalent, aie the most noticeable featuies of this comparison 

The Upes of bieedmg-place in the tno valle^s are indicated in the tables 
111 Appendix II iciuies 
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Mulana and Bhukwalvt Fiaei at ^oantunlll 


'Standing ualei poolb/ voi> piodiictnc oi culicifacw6 and Mibpictus 
(Masii'l, weie common in the mine^ aicii and due to tlic ojieiation^ of the inines 
laboiii, \\lieiea'3 tlie> woie absent m the Betlata \ alley Theie \\eie also tcvo 
othei iNpe^ of bieeding-place in the foimei absent in the lattei, viz, a swamp 
on the ii\ei-bank (.of ‘K \V 12'), and the Kuita Dam tank, but neithei of 
these ^\elc \ei> pioductive of Anophclmes 

DibCLsbIO.V 

malaii.d mtiolog\ of b w i-^ a-^umed, but the ton''ideiablc piccalencc 
of b u at Noamundi is lathei maiked m \ie\\ of the ''plcen-indcx of about 
14 jiei cent, which is not an ‘ h\pei -endemic ’ late The malaiia sickness late 
m 1929 wa^' about 5,000 pei 1,000 

The coiie-'pondeiice in the "ea-'Onal-pievalence of b u and of malaiia was 
Aei\ noticeable (the ‘ t a/a i/acitw ti/pe' not the ‘ funentUb’), and aftords fuitlici 
pioof that the b w ■'jnclioiiie, although on occasions much delayed, is usually 
not so 

With legaul to lacial incidence we iound that the malaiia-susceptible 
foieignei (Bengalees) "Ullei fiom b w much moie than ‘the native’ m a 
stiikmgh '■imilai clegiee (allowing foi dilleiences m the peiiods ot the suivey) 
to what ]\IcCutcheou found m the Duals .ind we have in the Teiai That is 
not, howecei, because the ‘ natne’ is malaiia-immune, but piobably as w'e have 
pointed out m connection with the Teiai, because ot his Ining in a fumigated 
chvelling 

It IS a populai behet that the dunk habit" ot the cool> saves him fiom 
b w ‘ by flushing out hi" hvei ’ but we ha\e collected no figuies in lelation to 
this possible factoi 

The fact that malaiia and b w weie moic piecalent m the uppei paits 
of the vallev, 16 b w houses as against 3 m the lowei, while the man-made 
bieeding-placcs of cuticifacici, weie much moie extensne in the uppei paits, 
suggests a culicijacies connection with b w TIih is fuithei suppoited by the 
coiiespondence betwmen the seasonal incidence ot b w and malaiia which w'as 
of the culicijacies type 

We have alieady m connection wuth the Teiai deduced that funestus as 
apposed to maculatus is the agent of the induction of b w At Noamundi in 
the iion-mme aiea also, funestus doubtless take its sliaie, but it is so lelativelj 
scaice that wm believe culicijacies to be the main souice of the tiouble We 
Idle out maculatus on the giound that elsewdieie it is demonstiably not a cause 
of b wf 

In the Teiai wm had to explain the clisti ibution of b w on the giound of 
vaiiations fiom an aveiage infection-iatc and this wxis only compatible wutli an 
hypothe^^is (wdiich how'cvei wm*? 'suppoited b\ figuies) that junestus by its 
peculiai domestic habits footed the bill 

And as hypothetically any species of mosquito wuth such paiticulai habit= 
could be an agent foi the high mtection-iate necessan foi the induction o 
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b w we believe that, m the iion-mmes aiea, culicifacies is such an agent 
Notoiiously it IS a ‘ domestic ’ species 

AVc showed in oui Teiai lepoit that the nunibei of funestus adults to be 
caught in houses is tompaicd vith its laiv® caught in the ncighbouihood was 
16 tunes as gieat as the lespcctue figuies foi maculatus 

In the Noaniundi camp aiea the following weie the coiiesponding figures 
foi the reputed pathophois 



adults 

lai um 

adults latio larvcB about 

fuucslus 

19 

109 

2/11 

culicifaciLs 

529 

1,270 

2/5 

jeypoTiensis 

0 

48 

2/143 

all myzomijias as against 

6 

429 


maculatus 

that IS, in this iiea the ‘ domcsticiU ’ of culicijacici, oi of the inyzomyias in 
geneial as apposed to maculatus uas as 143/5 oi about 30 to 1 


Conclusion 

The obseivations that ne made in this Noamundi aiea lend siippoit to the 
tlieoiy evolved by us fiom the data collected in the Daijeelmg Terai that while 
blackwatei is usually associated with hypei-endemic malaria, its iiregulai distri- 
bution, as exemplified by b w houses, is due to variations from an average 
malaiia infection-rate leading to a moie intense local mf ection-i ate sufficient to 
induce the condition 

A spleen-index of any size fiom 0 to 100 may hypothetically represent an 
aierage infection late pei person eithei sufficient or insufficient to induce b w 
As, howevei , a spleen-index of 100 per cent often does not lead to b w we must 
presume that unless the aieiage infection rate is n times the minimal late that 
can produce this spleen-index b w w’lll not arise, but if the necessary rate be 
attained all the persons m a community will get b w As this never occurs we 
must conclude that an average rate applied to all members of a commumty 
never happens Variations from the average mfection-rate of a community lead 
to more intense mfection-iates m some and less intense in others and when the 
critical infection-iate is reached the b w prodrome is induced, so that ex- 
hypothesi if the local variation is sufficient a minimal spleen-index may be 
associated with b w , oi if the vaiiation fiom the average is not sufficient even 
a 100 per cent spleen-index may not be associated with b w It is only a 
mattei of chance 

In the concrete, at rSToamundi what w'as not a so-called hypei -endemic 
malaria-rate, viz , 44 per cent, w'as associated with much b w 

The necessary variation in the malaria mfection-rate is, as we have 
concluded for the Terai, the function of the species A ftcnestics Sufficient 
lariation from an aaeiage infection-iate, m itself sufficient tp )ield a 100 pei 
cent spleen-index, is not a function of A maculatus The reason foi the 
diffeieiice doubtless lies m a difference m habits, one of which is a certain 
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appi n 

Tabl^ II-A 

Lnivo! found in valley to west oi Noamundi mines 
Fiom 29-8-29 to 17-9-29 
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NOAMUNDI IRON MINES CAMP AREA ONLY 
Taclp II-B 

Latva of Anophcluic'- collected in Aucjiist-Septe/nbe) 1929 




(Did liliuliHdlci Fci d (it Xoiiiii iiitdi 










NOAMUNDI IRON jMINES CAMP AREA ONLY 
Summary or Tabli" II-B 

Lmvoi of Anophehnes collected dunng Augu^t-Sepiember 1929 
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OBSERVATIONS ON EAT-FLEAS AND THE TRANSMISSION 

OF PLAGUE 


Pari III 

BY 

^I\joR W J WEBSTER, mc, ivs 

(F)om the Hafjkvie Institute, Pm el, Bombay) 

[Recened for publication, Apiil 21, 1930] 

Fle\ bionomics 

Man as a host for the Indian lodent Xenofsylla 

Observations b> the Indian Phgne Commission (1907), Chick and Martin 
0911), Bacot (1914), and otheis give ample evidence that X cheopis readily 
feeds on man The identity of the fleas used in some of the experiments is, 
however, open to doubt As regards X astia, Hiist (1913) reported that the 
species feeds on man with great leluctance at tempeiatures of ovei 80°E in 
Colombo, and Ciagg (1923) came to a similai conclusion in Agia Tayloi and 
Chitre (1923) found that astia would bite man leadily in the Bombay cold 
weathei The evidence regarding X biasiliensis appeals to be confined to 
that of Ingram (1927), who reported that m S Afiica this species is leluctant 
to feed on man 

Hiist consideis that fleas bred from the egg should be used in comparative 
biting experiments, but that exact comparison of the biting powers of different 
species of fleas is not possible, as some of the factors involved cannot be taken 
under contiol The viitei has previously shown that individuals of the thiee 
species may exist for a prolonged period on an exclusive diet of human blood 
Since then, one male astia has been kept alive for 25 dajs under similar 
conditions 

As a pielimmaiy to study of the blocked-flea phenomenon a number of 
laboratoiy-bred fleas have been fed at intervals of not less than 24 hours on 
rats, guinea-pigs and a human subject respectively These fleas were all kept 
in test-tubes at laboratory temperature Thej were considered to have declined 
to feed if tile’s had not bitten wuthm two minutes of application The results 
are shown in Table I It should be noted that the fleas did not accept daily 
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iecd^ even on the indent ho=:t-' In all ca«c« male'' fed inoie ficqucntlv than 
female'! 

In the piesence of a lat the flea'; aie not leadilv attiacted to the human 
skill Foi example, three transmi':'5ion cage'; ucie piepaied containing one rat 
and 40 fleas of the thiee ':peeie'' le^pcctneh A human hand Mas laid on the 
flooi of each oiitei (oinpaitinent loi five mimitc';, on two successive da^s, but 
no bites Meie leeoided and no flca'> appealed to leach the human skin 

A fcM examples of the daih beha\ioui ot individual fleas fed on human 
blood aie sIjomii in Table II, which also indicates the teinpeiatuie at which 
these obseivations weie earned out 

In handling the biecdmg lai" it has been ohiious that huiigiv unfed fleas 
leadilv leaeh the human skin and begin to leed This is much less maiked in 
the case of biasibensn, but this max be incielx* an indication oi the lessei 
geneial actixitx of the specie-' It is noticeable that cheopis and astia aie 
moie actix’'c on the suiface of the littci than biosdiensts, wduch, howex'’ei, 
can be stimulated to actixutx" bx shght distinbance ot the lai Once distuibed 
they behaxe like the otheis The high lump of all these fleas is no moie than 
foui inches 

In anothei expeiiinent, laboiatoix -bied fleas xveie kept in cages wath lats 
foi SIX days to enable them to be legaidcd as matin e fleas Thex weie then 
lemox^ed fiom the hosts and put m lais xvith littci A daik-skinned Indian 
assistant, on the twm following daxs, laid a hand on the suiface of the littei m 
each jar foi peiiods of five minutes, and the bites xveie noted The snixaxing 
fleas xveie checked at the end of the cxpeiiment (Table III) 

Fioni these xmiious lesults, it seems leasonable to conclude that staixed 
mdixaduals ot both se\e^ of the thiee species feed quite leadily on lunnan blood 
It does not appeal that, othei things being equal, the lat-to-raan ti ansniission 
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of phgue m India would depend on the lessei atti activeness of man to one or 
otliei of these species 

Table II 

(a) Fleas kept 271 pavs and applied to human foieaiin daily horn Jay oj 

Lmeigence (7-5-29) 



(5) Fleas kept individually and applied to human foieaim daily Jiom day of 

emei gence (16-5-29) 
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Tabli: III 


lilaiiac jleais staivcd ?/? littoi on hand oi foienrm of daiL skinned 

Induin (I It) 



Xuiul)oi of 

C/icO/as * 

Asltd 

1 o . 

I Brasihensis 

1 . . _ 


a 


■ 


n 

M 

After 21 hours 

SlU\ l\ ora 

1 

1 

i s 

S 

19 

20 

15 


16 

T D B 75 

W B G6 

Bites 

1 

1 

i 

10 

5 

1 


i 

After IS hours 

Sun i\ ois 

1 

s 

7 

17 

IS 

13 


1 

T D B 77 5 

W B 68 

Bites 

1 

6 

i 

1 3 

1 

7 

5 

I 

4 


1 

1 


With legaid to the ‘=^ubjcctive "Cn^i.itiont., it h a geneial uile that the human 
subject IS una^^ale of the bite of thc&o tleas Octasionalh , and this has 
happened with both sexes of the thiee spctics, a tiny puck is expeiienced at 
the moment ot biting Immediately aftei wauls the s-itc of the bite shows a 
led macule about a inilhmctic m diametei and this enlaiges to about four times 
the size in the couise of a few minutes It then giaduallv disappeais within a 
few houis Aftei a week, duimg uhich sevcial dozen fleas had been fed to 
the same aiea of skin, theic dtvelopctl a jiapulai eiuption accompanied by 
some tingling and itching The bite of Pulex viitans on the same subject has 
a similai lesult Tlicie has been nothing ic^eiubling the ‘ acute pain of biting’ 
desciibed by Mitzmam in connection with the squiiiel flea, Caatophyllus 
acutus (1910) 

The cheopis fleas fed on human blood laid many eggs, none of which 
hatched One specimen laid eggs 68 days attei it was isolated No eggs have 
been noticed m the case of astia on a sole diet of human blood One lemaik- 
able brasihensis expeiiment suggests that this species finds man a suitable host 
A wild female, isolated fiom males on Novembei 5th and fed daily on human 
blood, laid at least 18 eggs in January and 13 m Febiuaiy, seveial of which 
hatched The last to hatch was laid 114 days aftei the flea could have been 
feitilised 

Longevitx of starved fleas 

A laige numbei of plague infected fleas being available, some obseivations 
on then length of life when sepaiated fiom the host have been earned out 
The results aie shown m Table IV The Apiil conditions weie hot and diy, 
while in June the monsoon had begun, the satiuation deficiency foi the month 
being only 0 211 The aveiages aie calculated fiom the day on which the 
fleas weie last seen aliv^ so that the tiue periods of suivival aie a little longei 
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Table IV 


Compmahve obseivahons on the longevity of stained fleas fiom epizootic pits 


D ite 

Conditions 

t 

Tempera- 
ture and 
humidity 

Fleas 

OBSERVED 

Days 

1 

Species 

Sex 

No 

Last sur- 
X ivor seen 
ahve 

Average 

survival 

22-4-29 

Individuals in 

Av T“F 

Cheopis 

F 

40 

3 

11 


test tubes 

D B 86 


M 

30 

2 

I’O 



W B 80 

Astia 

F 

35 

2 

ff7 




ft 

M 

33 

2 

0-5 

14-6-29 

Do 

Av T°F 

Cheopis 

F 

10 

6 

33 



Max 85 5 


M 

10 

4 

1 4 



Mm 80-1 

Astia 

F 

10 

7 

2-4 




ft 

M 

10 

5 

2-7 

15-4-29 

Groups of 4 or 

0 

Cheopis 

F 

63 

5 

19 


5 in test tubes 

D B 85-8 


M 

37 

3 

07 



W B 78-6 

Astia 

F 

54 

5 

14 




ft 

M 

45 

3 

10 

17-6-29 

Do 

Av T°F 

Cheopio 

F 

41 

5 

2-2 



Mas 86'0 


M 

25 

3 

0-6 



Mm 80 9 

Astia 

F 

54 

3 

OrS 




ft 

M 

49 

3 

07 

29-4-29 

Each group m 

Ai T°F 

Cheopis 

F 

50 

7 

31 


lampglass on 

D B 87 0 

ft 

M 

50 

4 

2-0 


plaster of Paris 

B 814 

Asha 

F 

50 

7 

39 


base 


ft 

M 

50 

7 

32 

19-6-29 

Do 

Av T°F 

Cheopis 

F 

59 

5 

20 



Max 84 9 


M 

42 

6 

1-8 



Min 80 7 

Asha 

F 

50 

5 

17 




ft 

M 

40 

7 

19 

16-7-29 

Do 

T“F 

Cheopis 

F 

48 

6 

30 



816 


M 

47 

7 

2-7 



S D 19t 

Asha 

F 

45 

7 

2-4 




ft 

M 

44 

1 

6 

18 


tnan those sho'UTi Despite the consideiable eiiois involved in these observa- 
tions, it seems justifiable to conclude that, undei natmal conditions in the 
Bombay hot weathei, individual staived fleas, both astia and cheopis, might 
live as long as a week, although the majoiity would die off between two and 
foui daj's The best figuie foi astia showed 66 pei cent of 50 iemales still 
alne aftei 96 houis starvation (Av T 9 am 87°F ) 

Laboiatory-bred fleas, collected on the day of emergence, have also been 
stoied undei diffeient conditions, without having been given the opportunity of 
obtaining a blood meal, and the suivivois have been checked daily These 
observations me lecoided in Table V Individuals smvived for two to three 
weeks at a tempeiatuie of over 80°F The suivival of a few fleas for as long 
as tliiee or foui days in the diy incubator at blood-heat is a remarkable fact 
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'rvBLi V 

Coinpai (itivc ob^a ixitions on the loiujcvitij of unfed laboiatoi y-bred fleas 

colleitcd on the day of cincKjeiuo 
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The majoiit}’’ of the cxpeiimcnts with infected fleas indicate that females 
outlive the males, while with new-boin fleas, males m se^elal cases had a longei 
peiiod of suivival This may be accounted foi by the diffeience in size of 
new-boin and matin e females, the foimei being much the same size as the 
males (see Table VI) 


Fleas kept in the lefiigeiatoi at a tempeiatuie of 40°F and in a satin atec 
atmospheie weie always appaiently dead aftei 24 hoiiis It was founc, 
howevei, that they would levive in a minute oi two at loom tempeiatuie an 
could be ‘lefiozen’ and ‘lethawed’ foi seveial successive days The on y 
compaiative expeiiment undei these conditions suggested that astia would e 
moie lapidly killed oil by extieme cold than cheopis Fifty females and fi ty 
males of each species fiom the plague infected pits weie kept in the lefiigeia oi 
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Table VI 


Length of fleas measmed in ca-pillaiy tube Average of twelve specimens in mm 


Species 

Se\ ^ 

New-bom 

Wild 

Cheopis 

F 

IS 

24 

a 

M 

1-8 

17 

Astia 

F 1 

F6 

2-1 

fj 

M 1 

17 

18 

Brasihensis 

F i 

17 

2-0 

fi 

M ! 

1 

17 

16 


foi 72 houis and the following revived at loom tempeiatme — cheopis 24 
female, 17 male, astia 13 female, 5 male 

It has been fiequently noted that a moiibund flea may succeed in getting 
a blood meal and smvive 

These figmes cannot be readily compared iMth those of previous lepoits 
in which, as a lule, the se\ of the fleas was not taken into account Some 
earliei obseivations aie now knoAvn to have included a mixtuie of species 
Bacot (1914) leported that cheopis might suivive 38 days unfed at a tempeia- 
tme of between 40° and 50°F The present figmes do not demonstrate any 
marked oi legular difference between the species in the powers of survival of 
starved fleas Wild oi raatuie biastliensis have not yet been studied There 
IS evidence that the aveiage life of starved fleas is a little shoitei for astia than 
m the case of cheopis, but when individual survivors are considered, the 
diffeience is not maiked It does "not appeal, theiefoie, that the period of 
survival of the starved flea can be an all-impoitant factor causing a difference 
m the value of the different species as tiansmitteis of plague, under Bombay 
conditions 


Notes ox flea breeding 

In the course of handling a large number of wuld fleas, and also mature 
laboratory-bred fleas from the epizootic pits, a ceitain number of eggs, laid by 
identified females, have been available fiom day to day With these have 
been included a number of eggs, chiefly hiasihensis, collected from time to time 
from a black cotton cloth spread on the floor of a breeding cage overnight 
Eggs laid on glass are allowed to remain m the same tube, as removal entails 
damage of a ceitain proportion Fiom the cloth, the eggs are easily removed 
by a soft biush and stored in tubes or small Petii dishes The routine 
production of fauly large families of fleas in pure species for experimental 
puiposes has incidentally piOAuded some information on the lepioductive powers 
of these species 
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R(JO Iciying — As the majouty of the fleas fioni whicli eggs \\eie obtained 
wcie used foi othci puiposcs withm a feu lioiiia, no detailed compaiative figures 
uill be given foi egg laying in test-tubes The Miiall luunbci studied confirm 
the geneial inipicssion that ns/m is a bettei egg layei iindei test-tube conditions 
than dieopib, and that b)n6ihcii,sn> is the le.ist pioduLtuc of the thice There 
IS vcij inaiked individu.il \anation The ihcopit, and n.s/m .ueiagc in twenty- 
loin houis IS laieh ovei one egg pei leinale, and the b) (li^iliciibis figinc is 
usually less than 0 o As uill be shoun latei, such hgiiies aic much less than 
may obtain undci inoie natuial condition'^ 

Egg halihtng — The eggs ueie stoied in the daik and examined daily, the 
apjicaiance ol lai\m being noted When the tiist laivm appealed, a piece of 
clued blood-soaked lag ua& added to the tube, and uhen no fuithei lanm weie 
expected, the tube was filled to <i depth ot hall an inch with the usual sweep- 
ings The figuics shown in Table VII aie cousuleicd to give a faiily accuiate 
idea of the fcitilitj of the egg-', and the peiiod elapsing bctw'ecn egg Jajing 
and laival cmeigence It is notueable that in eleven months a highei 
pcicentage of laivm was obtained fiom cis/m eggs than fiom cheopis The 
limited figuies foi biasilicubis indicate a veij, huge piopoition of productive 
eggs, the aveiagc being much higliei than foi the othei two s])ecies The colclei 
months of Decembei and Januaiy sliou a laigei piopoition of pioductive eggs 
foi both cheopis and astui The fall-oft dining Febiuaiy wxas piobably duo to 
the use of pulicidcs neai the cuii-boaid The delay m hatching in the eoldei 
months is cleailv shoun It must be noted that the day on wdiich the eggs 
ueie collected i-^ not included, so that a laiva counted on the fouith day took 
fiom 72 to 96 houis to appc.ii Some iccoids piobably count the day on which 
the eggs ueie laid as the fiist day The incubation peiiod of astui eggs appeals 
to be distinctly loss than that of cheopis in most months of the yeai, while 
biasihensis eggs on the xvholc hatch eaihei than eithei 

The only pievious data of this type loi Bombay aic those of the Indian 
Plague Commission (1908) "Woikmg with a mixtuie of species, they found 
that flea eggs geneially hatch in about two days, and they obtained 7 2 pei 
cent laivffi fiom 461 eggs at lOom tempeiatuic (75°-S0°F ) Ciagg’s highest 
figuie foi asha in Ins Agia (1923) obseivations was 25 pei cent laivm fiom 
262 eggs (T 86 4°F , lelative humidity 69) In Colombo, Hast (1927) 
obtained lesults similai to those now lepoitod, the highest astia feitility being 
indicated by 71 6 per cent laivm fiom 234 eggs (Av T, 80 8°F, S D , 0 23), 
the majoiity of the laivae appealing on the fouith day His small numbei of 
cheopis eggs gave 40 pei cent laivm 

Larvee — The laivm obtained as above have been followed to the imago 
stage It is consideied that undue cliymg of the littei, when used m such 
small quantities, ha^ inteifeied considerably with the latei stages of develop- 
ment The necessai^ handling of the tubes is also liable to distuib the laivie 
in the act of spinning the cocoon Adults have, howevei, been obtained undei 
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these conditions in most months, and details are included m Table VII The 
duration of the vaiious instais has been readily detei mined by observation of 
laivifi fed on blood-soaked lag only Thus m March, the first moult occurred 
m four to seven days, most often on the fomth day The second moult occmred 

Table VII 


Expenmental flea bieedtng, Bombay, 1929-30 



Temperature 


Number 

Days 

ON 

■WHICH HATCHED 

Month 

and 


Species 

of eggs 






PI 



humidity 


obsen'ed 

2 


4 

5 

6 

B 

8 

March 

A'l T°F 

9 aun 

Cheopis 

ISO 



19 

12 

1 

1 


D B S2 

M B 75 

•islia 

215 


6 

58 

3 

1 



April 

A'l T°F 

9am 

Cheopis 

495 



119 

15 

2 



D B So 

W B 78 

Astia 

353 


28 

137 

8 




May 

Mean T 

S D 

Cheopis 

204 


49 

54 

15 

1 



sro 

405 

Astia 

355 


96 

12 




Tune 

S2 9 

211 

Cheopis 

87 


4 

16 

3 







Astia 

305 


31 

18 

11 




July 

816 

190 'Cheovts 

395 



63 

15 







Aslta 

209 


1 

73 

8 




August 

81 S 

219 1 Chcopis 

1 -istia 

170 

193 



44 

97 

17 

6 
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82-6 

240 

Cheopis 

176 


2 

42 

10 







Aslta 

250 



90 

4 




Oct 

82 6 

285 

Cheopis 

99 



30 

8 







Astia 

261 



128 

1 




No\ 

SffS 

320 

Cheopis 

73 



15 

13 
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225 



^1 

4 




Dec 

74 8 

272 

Chcopis 

109 




19 

14 

16 

6 




Astia 

178 



43 

30 

19 

m 


Jan 

72 7 

269 

Cheopis 

93 




19 

17 

15 

P 




Asha 

42 



2 

6 

8 


H 

Feb 

73-3 

•326 

Cheopis 

139 




19 

11 


H 




Asha 

137 




8 

7 


H 

June 

As abo\e 


Brasib- 

81 

4 

36 

14 




H 




ensis 








P 

August 

» 


fy 

196 

3 

17 

73 

34 

4 


B 

Oct 



jt 

118 

1 


36 

1 



B 

Nov 

ij 


ft 

42 



35 

3 



B 

Jan 

Sf 


it 

234 


2 

46 

119 

17 

6 

B 

Feb 

if 


ft 

36 




1 

12 
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about a \\CL‘k latei, and cotoon-' weie often foiined on the iSth to 20th clay 
The duiution of the in-'tai" .ippeai" to l)e much the ^.une m the thiee bpecicb 
IiuliMcIual caiiation i'' a maikccl featuie bo much '-o, that active Jarvtc have 
been seen sshile ne\sh cnieiged iinagoe-- weie being collected fioni the same 
batch 
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IsOd 1 

to 

Jl 6 

' 17 
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28 
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Cocoons — ^Although cocoons weie often formed on the glass and were 
'sometimes so tianspaient that the contents could be obseived, it is not possible 
to give figuies foi the piopoition of cocoons lesulting from the laivas In the 
case of bi asihensis, in paiticular, the cocoons ueie often found to be covered 
ovei with fragments of lubbish, the little mass being imreeognizable as a 
cocoon without dissection The duration of the vaiious stages inside the cocoon 
IS of gieat mteie^t but difficult to deteimine The folded larva has often been 
seen inside the pupa case foi fiom 24 to 72 houis befoie the pupa was foimed, 
and occasionalh for as long as si\ days Fully foinied imagoes have been noted 
foi as long as seven days before they finally emerged The total duration of 
the cocoon stage was often about ten days in April, but vaiied fiom 7 to 16 
days 

Naked pupae, both asha and cheopts, hare been met with, and both female 
and male imagoes hare been obtained fiom these at different times Bacot 
(1914) suggested that ‘specimens of dwaif fleas might have had one laival 
instai less than noimal It uas noted that these naked pupse might lesult in 
dwaif fleas, thus tno male astia measured only 1 1 and 1 2 mm respectively 
(see Table VI) 

Adults — The total development of the flea fiom egg to imago has vaiied 
from 19 to 66 days, under these conditions Theie does not appear to be any 
maiked diffeience between the species in this lespect Taking the figures foi 
August, where theie aie adequate numbers foi comparison, the averages are 
all within a day oi two 

The details indicating imagoes as percentages of eggs and laivse respec- 
tively aie not claimed as accmate, but the general trend of the figuies may 
be indicated In the hotter months, a liighei proportion of imagoes resulted 
fiom asha eggs than fiom cheopis eggs, while in the cold season the positions 
aie reversed Similarly a higliei piopoition of imagoes developed from asha 
laivse m March, April and June than from cheopis, wdiile from Octobei onwards 
the figrue for asha is lower It is concluded that the colder weather in Bombay'- 
is less favourable for asfia development 

The complete failure of adults to appear in the January and February 
batches was disappointing, and obviously due to some euoi in the technique 
as noted in connection wuth the egg hatching 

As legaids flea breeding on a laigei scale, some of the bleeding jais w'ere 
selected for accurate record of the output of young imagoes The yais were 
stored in a dark room and examined daily, newly emerged fleas being lemoved 
w'lth as little distuibance of the litter as possible The results of these experi- 
ments, tw'o of which, one in the hottest season and one in the cold weather, aie 
strictly compaiable, are shown in Table VIII The figuies confirm* the 
impression gained from handling a legulai succession of breeding jars, ^nz , 
that asha was scarce m the cold weather and brasiliensis m the hot skson* 
while cheopis was abundant in all months The temperature and humidity 
in these exiieriments may be judged from the details given m the previous 



Table ATII 

Compmahve exjieiiments in flea bi ceding, Bombay, 1929 

pAMIL'i UbCOVLllLU DuS I liOM COMMLNCl Ml NT UNTIL ULCOVLItT Or 

Fleas used ^ i 
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Ilal-Flca.'i and the Txinsinibbion of Plague 



The number of male parent fleas used was identical with the numbei of females, except in Expciunenl 7 uhcio no males Mere a\aiUblo 
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table, but it should be noted that the figures refei to the month in which the 
eggs were laid, while the fuithei development of the fleas might extend into 
the following month and even into a third month 

The leiuaikable delay in development with a fall in tempeiatme of only 
10° to 15°F is cleaily shown The delay affects all stages Females have 
invaiiably been obtained foi a few days befoie the fiist males appealed The 
piopoition of females and males has shown no constant vaiiation, and the 
numbers of the tno sexes aie often veiy close In the case of wild fleas, the 
lesults of smveys geneially show a maiked diffeience in the number of the 
sexes The most feitile jai gave an aveiage of 34 cheopis pei female paient 
as a lesult of ten days bi ceding As new'-boin fleas do not lay feitile eggs in 
the fiist 48 houis, the nurabei of eggs pei female must have been ovei fom 
per diem even if no casualties occuried The laboratoiy stock of biasihensis 
oiiginated with two wild females, and it is mteiesting to note that in the 
absence of fmthei feitihzation, thev pioduced fifty offspiing 


Effect of extreme conditions of temperature on the DEraLoPiNo stages op 

THE RAT-FLEAS 


Eggs — ^No eggs have hatched eithei in the diy incubator at 98 4°F , or 
in the damp refngeiatoi at 40°F In a clamp ice-box at a temperature of 
approximately 68°F there was a marked delay m the incubation period of the 
eggs in all species, and a fall-off in the output of laivse in the case of astia 
(Table IX) 


Tablf IX 

Flea eggs laid at Lab T and kept at 68°F in damp ice-box 


Species 

Number 

observed 

Av days 
to hatch 

Per cent 
hatched 

Cheopis 

34 

78 

47 

Astia 

52 

1 

73 

29 

Brasiliensis 

5 

6-0 

60 


Laivoe — The larvae may suivive a brief exposme to highly unsuitable 
conditions Thus first and second stage larvae, both astia and cheopis, have 
been kept in the incubator at 98 4°F , and also in the refrigeratoi at 40°P , 
for periods of 24 hours, along with the usual fodder, and adults have eventually 
been seemed from all batches This exposure was, however, attended by a high 
moitahty 

Cocoons — Cheopis and astia cocoons, formed at room temperature, have 
been placed in the incubator at 98 4°F and observed daily Imagoes have 
appeared for the first three days but not later, and the unproductive cocoons 
hare been found to contain dried up fleas or pupie Exposure to this 
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tonipci iitui c foi oiiK 2i lioui*' dul not ullcct tlic ''Ub-'ccjuciit dcvolopincnt at lOom 
teiopeintuio A of iO°F ioi a pcuod of 21 Itoui'i was found 

to have no hainiful ehcct on the cocoon-^ A inaiked tall-oft m the output of 
adults followed c\po>inc of the toeoons to thn tcinj)eiatuie foi 48 hours 
(Table X) 

Taulu X 


Cocoon* fotincd at fjd) T and Kept tempotatdij at 10°F (damp) 


Spccicb j 

Xiimhor 1 

o(3=Ll\(.d 

1 

! Xiiiiiiji 1 ol hoiiio 
it 10“F 

i 

1 Adults obtained 

Chcopis 

12 

21 

i 

, 9 

Asha 

11 

21 


Chcopis 

12 

JS 

1 5 

Asha 

12 

IS 

i o 

1 


iVatiual enemies of llcas — Tytotjlyphidie luuc ticciuei\tK been picsent in 
the bleeding jais in eountle&a nunada without intcileiing with the output of 
young fleas Swcllengiebel (19131 noted a aunihu infcatation of his bleeding 
jais in East Java In the inoacnt cxpenmcnta, while piecautions weie taken 
to exclude ants, the onh cncni} of the de\ eloping flea which ga^c tiouble wxas 
a species of AVinglcaa book louse (Fain Psocuhe) Book lice weie fiequently 
been inside flea pupa caaos, and tliej had ob\ioualy de\oiucd the contents 
One damaged cocoon contained loui cgga ol the book louse, and a iiewdy 
hatched louse wms seen alongaide Anta ha\e made off with eggs fioin 
unplugged tubes Anta can also deal ‘'Kdlully with adult fleas they have 
fiequently sw^aimed into a lampglaaa containing many fleas, wdiicli they have 
lapiclly killed and earned oft Spidcia can alao piey on adult fleas On one 
occasion a small spidei gained access to a lainpglass containing 15 young 
active cheopis, and 13 of these wcic found dead, wuth the limbs amputated 
and the bodies cut open 

Summary 

The tlnee Indian lodent Xenopsylla icadil}'' feed on man in the absence of 
a moie suitable host, even at temper atuics of ovei 80 °F 

No sinking diffeience has been deinonstiated in the longevity of staived 
individuals of the thiee species 

Observations on the life histoiy of the three species aie lecoided in detail 
It appears that under Bombay conditions the hot weather is least favourable 
for oiasiherksis, and the cold season is least suitable foi asUa, while cheopis, 
thrives at all pei^ods The developing stages of the fleas may survive temporary 
exposure to extiei'pe conditions, eg, tempeiatrues of 98 4°F and 40°F respec- 
tively for periods of 24 hours 
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Some natural enemies of lat-fleas have been noted 

Rao Bahadui G D Chitie has gnen valuable assistance in obtaining the 
mateiial foi these studies 


REFERENCES 


Pl.\gue Co'MAiissioN Report XX 
(1907) 

Plague Commission Report XXIX 
(190S) 

Chick and Martin (1911j 
Bacot (1914) 

Hirst (1913) 

Gragg and Saaaminath (1923) 
Taylor and Chitre (1923) 

Ingram (1927) 

Mitzaiain (1910) 

Hirst (1927) 

SaA ELLEN grfbel (1913) 


Join Hyg , VII, p 472 

Ibid, VIII, p 236 

Ibid, XI, p 122 

Ibid, XIII, p 447 

Reprinted 1927 in Ceylon Jour Sci , Sect D , I, 
Pt 5 

hid Jour Med Res, X, p 979 
Ibid, XI, p 621 

Pubs S African InsL Med Res, XX, p 222 
Quoted bj Riley and Johansen, 1915, ‘Handbook 
of Medical Entomology ,' p 123 
Ceylon Join Sci , Sect D , I, Pt 4, p 214 
Meded v d Burgerl GeneesK diensl m Nedeilandsch- 
Indu, n, 1 (Avith English translation) 




OBSERVATIONS ON RAT-PLEAS AND THE TRANSMISSION 

OP PLAGHE 


Part IV 

BY 

Major W J WEBSTER, m c , i m s , 

AND 

Rao Bahadto G D CHITRE, bms 

{Fiom the Haffkine Institute, Pm el, Bombay) 

[Received for publication, April 21, 1930] 

Mixed flea experiments, second senes 
The mixed flea expeuments previously reported, designed to allow 
comparison of the transmitting powers of fleas mfected on the same septicsemic 
animal, proved inadequate on account of the small number of positive results 
It was decided to repeat the experiments using a larger numbei of fleas, and 
to omit the individual feeding This partially piecluded the use of the same 
material for study of the blocking phenomenon 

In this senes therefoie the technique is as follows A Madras rat is 
inoculated cutaneously with plague and is introduced to a flea-proof cage 
Next day 72 fleas, twelve each female and male cheopis, astia and hrasihensis, 
are added When the rat dies it is examined, and if the signs of plague are 
considered satisfactory, the fleas are collected They aie sorted out according 
to species and sex, and added to cages contaimng healthy rats, each group to 
one rat or slx rats m all These rats are examined as they die or when they 
are killed three weeks later The sunnving fleas aie collected ten to fourteen 
daj"s after death of the inoculated lat and tested foi plague infection indm- 
dually bj teasing up the proventriculus and stomach m saline and culturing 
the emulsion If a rat dies before the fleas aie lequiied for cultuie, the fleas 
are collected and put on anothei healthy rat so that, on occasion, a second 
and even a third transmission in senes with the same small numbei of fleas 
has been obtained 

Tlnrtj-two of these experiments have been completed, and foi analysis of 
the figuies obtained the} have been divided into two groups viz twentv in 
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liat-Fli'ds (i)i(l thr 'J'l (ins)nissi(}ii of PlafiiK' 

the oil ■reason at a mean tempeiatuie of (uci 80°F , and tuehe m the plague 
season at v mean tempeiatme langmg hotucen (>8 8° and 7b 8° F Table I 
gives dctaiK ol each e\j)enment m linn, nn hiding tlu minihei of infected fleas 
emi)lo\cd and the -'Utee-'-'fid ti in''mi'"'ion^ obtained In Table 11 the lesults 
of the cultuial test-- aie ''houn In the oil -ea-'on, thirteen ol the twenty 
expeiimcnt^ weie eonpdeteh negatne, while in the plague reason tiansnnssion 
was obtained, with one oi moic •'peeie>', m eleven out ot the twelve The last 
column of Table II gne^ tlie /jeiient.ige o) 'iiiae'-'iid tlan^nn-^lon 5 ioi each 
gioup ol tle.u^ As leg.iids the oft se i-on, all ^peeIes actualK tiau'^initted, and 
as five out ot the eight 6succes-.es weie with hiiisi/ic/isis, tin? specie? has been 
the most legulai tiansinittei ol the thiee at tempei.ituies ovci 80°F AVitli 


Tvulk I 

Mued flea expet setond '.ciics, 1929-30 


Xiimber 
of experi- 

D.ite of 
inocuh- 

Teinpoi iturc 
.utd iitinuditi 

Niimhci 

01 experi- 

1 

Ditc of 
moiiil i- 

Temperature 
md hiimiditv 

1 

ment 

tion 

Av T 

S D 

ment 

(lon 

Av T 

S X) 

1‘16 

1 Tulv 12 

81 1 

ISl 
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Xo\ 
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117 

, ” 20 

SIS 
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167 

>> 

16 

so-s 
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149 

, 27 

S2-1 

20.) 

109 

)> 

30 

80*3 

•398 

150 

\ug 3 

S2 5 

23'. 

170 

>> 

30 

so-s 

•398 

152 

, 10 

82 S 

23*. 

* 171 

j Jim 

1 

731 

•331 

154 

„ 17 

SO 1 

183 

173 


11 

72-4 

213 

155 

' „ 24 

SI 6 

231 

171 j 

1 

1 ’’ 

IS 

1 72-2 

265 

156 

1 ,, 31 

S2 6 

2S3 

176 

f) 

25 

74 3 

•265 

157 

Sept 7 

817 

•237 

178 

Feb 

1 

1 

68*8 

237 

158 

14 1 

82 0 

235 

179 

» 

1 

688 

237 

159 

, 21 

84 5 

26S 1 

ISO 


8 

72 5 

302 

160 

„ 28 

82 6 1 

216 

ISl 

» 

s 

72 5 

302 

161 

Oct 5 1 

' S2'4 1 

254 

182 

/> 

15 

75 0 

374 

162 

1 

» 12 

j 

83 4 1 

259 

1S3 

1) 

15 

75 0 

374 

164 

„ 26 1 

SI 7 

355 

1S4 


22 

' 768 

•358 

165 

Nov 4 

82 5 j 

344 

185 

ft 

22 

768 

•358 


The tempera tine and humidity figures aie the aveiages foi the seven days following the 
inoculation 
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TjVble I — eontd 
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brasdtensis female — 
Infected fleas used 
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biasiliensis male — 
Infected fleas 

used 1 

12 

11 

7 

2 

12 

j 

9 

8 

9 

10 

12 
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15 



1 

! 

11 


series 1 
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1 








1 




Note — ^The number indicating successful transmisaioiis mdicates the number of days elapsing 
between death from plague of mociUated and test rats or successive test rats 

the cold weather group, the first two experiments provided transmissions with 
all three species Later on astia gave no further positives, while cheopis and 
biasthetisis were fiequently successful The total transmissions with one or 
both sexes, and counting the first in series only, was seven with cheopis and 
ten with brasiliensis With legard to the sex of the fleas it is very strikmg 
that the males iieie more often successful than the females The number of 
second and thud transmissions in senes indicates a balance in favour of brasi- 
liensis as the most regular transmittei It may be added that the diagnosis 
of plague in the case of transmissions was generally quite clear from post- 
mortem examination and the exammation of smears, an occasional case in 
nhich theie i\as room foi doubt being confirmed bacteriologically 

The incieased pioportion of transmissions m the plague season did not 
appaientiv depend on ceitam factors which have hitherto been regarded as 
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1 
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Note — ^The nnmbei indicating sviccc'^^Pnl tiansinissions indicitcs the number of dajs elapsing 
j between death fiom plague of inoculated and test i its oi successne test lats 


ofi piirae impoitance, , {a) the piopoition of fleas infected, (b) the sunaval 
of the infected fleas, and (c) the sunuval of the plague bacillus in the infected 
fleas The piopoition of the oiiginal fleas lecoveied, fiistl}’' fiom the inoculated 
rats, and subsequently fiom the test lats ns shown by the numbeis ai’^ailable 
foi cultuie, IS A'^eiy much the same in the turn gioups Cultuie showed that a 
veiy laige piopoition of the fleas still haibouied the plague bacillus ten to 
fourteen days aftei death of the inoculated lats, ei^en in the off season The 
figuies aie not stiictly compaiable, as m the case of tiansmissions the fleas had 
one 01 moie further oppoitumties of becoming infected In the case of male 
bi <\siliensis, wheicvtheie weie moie tiansmissions at both seasons than in the 
othei gioups, theie^as actuallj’’ a smallei piopoition of infected flods m the 
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12 


9 

9 

16 

series 1 




1 









Transmissions m 

4 

3 

3 

4 





10 

6 


series 2 




1 









Transmissions in 


4 

4 

3 








senes 3 


1 

1 


i 





5 





Note — The number indicating successful transmissions mdicates the number of days elapsing 
between death from plague of inoculated and test rats or successive test rats 

plague season The cultures did not suggest that the infection was of a lesser 
degree in the off season Therefore, the change in climatic conditions, the other 
factors remaining similai, allotted a laiger proportion of the infected fleas to 
become capable of tiansmitting the infection The conclusion is that the factor 
affected is the blocking phenomenon This presents an elusive and fascmatmg 
problem The blocking is rarely detected m infected fleas Whether because 
only a small proportion evei become blocked, or because the condition is trans- 
ient, 01 because it is a rapidh fatal etent, is not at all clear Duimg identi- 
fication of the fleas, firsth before they iveie put on the test rats, and barer when 
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collcttcd fi)i (ultuic, a "iiiall piopuilioii ^Iiowcd "oiiio eMdtnce of plague giowth 
111 the (i"'Ojiliagu-' Oiih two bloikul (leas — .i leiiialc (islia and a female 
buibdien^i'i — weic ucogni/ed, detail-^ ot wliuli will Ik gi\en latci 

One point Inib attiacted attention anil •'ecin-, to de-eive fuithci study, 
namely the oieuiienee, nol of a inne inleetion with the plague bacillus, but a 
mixed infection with one oi moie cotcal oigani''m-' m huge numbei', along wath 
B A'' will be -hown latei, the -mall mimbei ot blocked fleas available 

piOMdcd examplcf ot a -imilai mixed mfeition The tultinc- (Table II) showed 


Tmiu II 

Mixed jlca expo unenLs, seionil sciies 


TOT \L FLE VS DE VLT V\ ITH 


Itr slTT OF CFLTLRFS 


TRANSMIS- 

SIONS 


Species and sex 

|Oiigmal 

inumbci 

( 

.Imlctfd FL1~\S 

, B 

1*1U 

pcstli 

-1 NT 

Cocci ilong 

WITH 1*L.IGUI 

Nos 1 IN 
sums ON La 

U-cd 

i Cul- 
' tilled 

1 

No 

il\i unt 

) 

No 

Ffi tent 

No 

Pei cent 

Off season 20 cxpoi- 
menls — 
cheopis fern ilc 

212 

' 215 

1 

113 

39 

315 

8 

20 5 

0 

0-0 

cheopis male 

211 

, 218 

127 

79 

02 2 

10 

20 3 

1 

50 

aslia female 

210 

1 210 

, 127 

62 

is-s 

10 

101 

1 

5 0 

astia male 

210 

, 211 

, 129 

, 61 

19-6 

9 

111 

1 

5 0 

biasiliensis female 

210 

; 218 

120 

51 

12 5 

16 

31 1 

B 

100 

biasilicnsis male 

225 

190 

98 

70 1 
1 1 

714 

1 

11 

15 7 

■ 

15 0 

Total 

1,42S 

1,262 

714 

365 

i 

51 1 

70 

1 ^9 2 

B 

6-7 

Plague season 12 
experiments — 
cheopis female 

144 

127 

84 

52 

01 9 

7 

13 5 

1 

83 

cheopis male 

141 

127 

77 

61 

79*2 

2 

33 

6 

50 0 

asLta fema c 

144 

118 

91 

53 

582 

0 

00 

2 

16 6 

astia male 

144 

127 

83 

25 

30 1 

4 

16 0 

0 

00 

biasiliensis female 

144 

124 

79 

61 

77*2 

3 

49 

3 

25 0 

biasihensis male 

144 

126 

66 

43 

65 2 

0 

00 

9 

75 0 

Total 

864 

749 

480 

295 

615 

16 

54 

21 

29‘2 


tCii-LL iicao - 

ocijlated lats It is not piesumed that every one baibouied the plague baci us 
\ 
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a -veiy vaiiable state of affaus in this lespect In most of the positive cultuies 
a puie giowth of B pestis i\as obtained In some expeiiments as many as 
70 01 80 pel cent of the fleas showed a mixed infection In otheis only an 
occasional flea was so affected, the otheis being sterile oi showing a pine plague 
infection Taking the two gioups of expeiiments, it is seen that on the whole 
theie w'as moie of the mixed infection m the oft season 

The mixed flea expeiiments piovided some infoimation on an important 
valiant m the habits of lat-fleas It is knowm, foi example, that Ceiatophyllus 
fleas may spend a laige pait of then lives apait fiom then hosts, but there 
is no compaiative infoimation of this type regaiding the Xenopsylla When 
the fleas wme collected fiom the dead inoculated lats, and later fiom the test 
rats, it was noted whethei thea weie found on the host oi m the layei of bran 
and sand spread on the flooi of the cages The consolidated results aie given 
m Tables III and IV The foimei indicates that the fleas had not imcated 


Table III 

Location of hie Heas lecoieied fiom ti ansnmsion cages containing lecently 

dead inoculated lats 


Species and 

cheopis 

a 

1 

ostia J 

1 

biasiliensis 

se\ 

) 

female 


male ^ 

... ..1 

female | 

1 

male 

female 1 

1 

male 

Off season 

1 

1 



i 


' i 

i 


Number 

218 


220 

1 

211 

213 

219 ! 

196 

Pei cent on 
carcass 

Plague season 

619 


65 0 

1 427 

1 j 

1 

1 418 

1 

t 63 9 1 

i ! 

! 

775 

Numbei 

130 


128 

' 119 

127 

127 

127 

Per cent on 
carcass 

23 8 


32-0 

j 42-9 

449 ' 

! 

701 ' 

1 

74 0 


the carcass It is customaij to diaw agiaphic pictme of the departine of fleas 
from a plague-stiicken lat One writer (ISIason, 1915) states that the fleas 
begin to leave the dead lat m 15 seconds and that all have departed in two 
horns and a qiiartei In the pit experiments it was found that, although 
there were live rats close at hand, active fleas could be regularly lecovered 
from the carcasses, e\en wflien thej had begun to putiifj It is possible that in 
a colder climate, with more rapid cooling of the caicass, this feature may not 
be ciident The small figuies now ai uhblc ^iiggc^t tint, in the plague season, 
cheopis fleas had moic lapidh ncated the caicass With the hie rats, a veiy 
large piopoition of all the fleas, eien the females which must make regular 
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tups for egg la>nig, \\as found on the lio-^t It is not impossible that the 
\\anclcung may be laigeh nocturnal, but tlie figuiea suggcat that the three 
apccicb show no niuiked ilifteientc in the piopoitions on boat and abioad 
lespcctivcly 

T\iju IV 


Location of live jleat^ i ecuvo cd fioin tiansmhsion cage-, containing live lats 

and j/cfu of one at’c and bpeucb onlg 


Species ind 

1 

_ 1 

! astia 

1 

brasilieusis 

sex 

fcin lie 

male ! 

. 1 

iem lie 

111 lie 

fcnmlc 

male 

0(j sc anon 



' i 

j 



Niinibei 

117 

iJ2 

Ui 

155 

126 

j 1 

105 

Pci tent on 
tai tiiss 

i 

1>1C 

Obi 

72 0 , 

77 7 

j 77 0 

92*1 

Plague season 


i 


1 

1 

1 

Number 

So 

' GO ’ 

Si 

So 

1 

79 

65 

Per cent on 
caicass 

91 S 

1 

95 7 ' 

t 

1 

1 

SGG 

C17 

SI 0 

S7 7 


The pit expeiiment 

The details of tliia method weie clesciibed in the intioductoiy papei The 
epizootic among j\Iadias lata continued luthout a bieak in both cheopis and 
astia pits Up to Decembei 23id 57b lats had died of plague in the cheopis 
pit, and 618 in the astia pit Theie had been two aiuvivois in each pit foi 
fiom 134 to 186 da}s The flea population lemamed absolutely puie, seveial 
bundled fleas w^eie examined w'eekly, and these samples sliow'ed only the 
respective species in each pit Tyioglyphidce had not got a footing m citliei 
pit, and ticks and lice weie onl} occasionally seen Beetles, both Calandia 
and Tnholium species and then laiv®, Aveie piesent in consideiable nuinbeis 
dining the last thiee months Howevei, the piecautions taken had pi evented 
the infestation wuth Acaiines which w^ould soon have lesulted m a seething 
mass of mites The flea population did not again become excessive The 
plague casualties fiom Apiil onwmids aie shoivn in Table V The post-moitem 
ajipeaiances of the carcasses from the twm pits w’’as identical The 
location of the buboes in 400 rats infected by cheopis and a similai number by 
astia IS given in Table VI The figures are taken from a legulai sequence 
of deaths from plague from May 1st onwards There is a leraaikable similaiity 
in the twm groups 

All rats were removed on December 23id, most of the fleas found on them 
being letuined to the pits Apart from daily attention to the tanglefoot on 
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T\ble V 

E%penmental epizootic luith'Madi as rats in Bombay, 1929 


Month 

Mean 

temperatuie 

\ppro\imate 

1 saturation 
deficiency 

X chcopii, pit 

1 

' X ostia pit 

Deaths 

fiom 

plague 

Average 
number of 
days 

1 

[ Deaths 
fiom 
plague 

Average 
number of 
day^ 

) 

April 



70 

37 

50 

43 

1 

May 

S7 9 

405 

SO 

40 

76 

41 

June 

82 9 

1 211 

69 

47 

66 

48 

Jub' 

816 

190 

70 

4 5 

77 

i 

46 

■August 

81 8 

> 219 

{ 56 

45 

57 

52 

September 

82 6 

240 1 

41 

49 

59 

43 

October 

1 82 6 

, 285 

59 

44 

61 

43 

Nov ember 

j 80 3 

320 

67 

4 5 

67 

1 

3-6 

December 

1 74 8 

272 

48 

42 

1 

1 

S’O 

Total 

560 

44 

1 

1 572 

43 


TiBLE VI 


Situation of buboes in plague lats infected by X cheopis and X astia 


Infecting 

Number of rats 

Buboes 

DETECTED 

Single 

fleas 

1 examined^ 

1 

Nil j 

Multiple 

Y cheopis 

400 

1 

114 

82 

204 

X aslia ,m 

400 

131 

73 

196 


Site of the single buboes 


1 

Submaxillarj 1 

Cen ical j 

AAiUarj 

Pelv 1C 1 

Others 

cheopis group 

1 

109 

1 

IS ! 

1 

44 

32 1 

1 

, astia group 

SO 

19 

49 

1 1 

[ 

48 , 

1 

0 

the w ills, the pits weie left untouched until Tanuai 

\ 3rd when si\ 

iMadias 


lats ^\eic added to each pit Three weeks latci the lats weie all alne so it 
was concluded that fleas alone had failed to cairj the infection over the gap 
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tups for egg la>nig, \\as found on the hoit It is not impossible that the 
wancleiing iua\'’ be laigeJ\ noctninal, but tlie /ignica snggcat that the three 
spccicb show no niuiked difteienie in the piopoitions on host and abioad 
lespcctively 

Tuju IV 


Location of live jlcat, iccuvocd Jiom liansmhsion cage', containing live lats 

and j/cfu of one i,ci and bpcciet, onlg 


Species ind 

1 

_ 1 

! astta 

1 

brasilieusis 

&e\ 1 

1 

1 

fcin lie 

male ! 

. 1 

ieiii lie 

1 111 lie 

fenmlc 

male 

0(j season 




1 ; 

1 

1 

1 

[ 

Nunibei 

117 

IS2 

IJi 

155 

! 126 

105 

Pci tent on 
tai tiiss 

i 

81 G 

Ob J 

i 

7JO 

77 7 

1 

i 77 0 

93-1 

Plague season 


i 





Number 

So 

' GO ' 

Si 

So 

79 

65 

Per cent on 
caicass 

91 S 

1 

95 7 ' 

1 

1 

1 

SGG 

C17 

SI 0 

S7 7 


The pit expeiwient 

The details of tins method weie desciibed in the intioductoiy papei The 
epizootic among j\Iadias latb continued without a bieak in both cheopis and 
astia pits Up to Decembei 23id 57b lats had died of plague in the cheopis 
pit, and 618 in the astia pit Theie had been two buivivois in each pit foi 
fiom 134 to 186 da}s The flea population lemamed absolutely puie, seveial 
bundled fleas weie examined w'eekly, and these samples show'ed only the 
respective species in each pit Tijioglyphidce had not got a footing m citliei 
pit, and ticks and lice weie onl} occasionally seen Beetles, both Calandia 
and Tnbohiim species and then laiv®, w^eie present in considerable numbers 
during the last three months How^evei, the precautions taken had prevented 
the infestation wath Acaiines wdiich wmuld soon have resulted in a seething 
mass of mites The flea population did not again become excessive The 
plague casualties from April onwxaids are showm in Table V The post-mortem 
aiipeaiances of the carcasses from the twm pits wms identical The 
location of the buboes in 400 rats infected by cheopis and a similar number by 
astia IS given m Table VI The figures are taken from a regular sequence 
of deaths from plague from May 1st onwards There is a lemaikable similarity 
in the twm groups 

All rats were removed on December 23rd, most of the fleas found on them 
being returned to the pits Apart from daily attention to the tanglefoot on 
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T^le VII 


Compaiative ti ansimssioii eipenments with fleas from epizootic pits 


1 

1 

Serial num- 
bers of 
experiments 

Date 

j 

1 Number of 
fleas m each 
case 

Successful TRA^SXIISSI0^S xvith number of 

IXTERVENING DAIS 

X chcopis 

X aslia 


1 

female 

1 

male i 

female 

male 

103—106 

25-4-29 

! 50 

— 

— 

-1-13 

— 

107—110 

26-4-29 

1 

100 

-t-4 

1 

-h5 

— 

111— 111 

7-5-29 

' 50 

+6 

1 

— 

— 

115—118 

9-5-29 

’ 50 

+7 

_ 1 

+7 

— 

100—122 

31-5-29 

50 

— 

! 

— 

— 

123—126 

5-6-29 

50 

j 

1 

— 

— 

131—134 

12-6-29 

, 50 

-1-7 

-1-8 

1 -fl2 

— 

135—138 

20-6-29 

1 50 

-1-9 

— 

-flO 

1 

142—145 

j 4-7-29 

! 40 

1 

-f9 

-i-14 

-1-12 


Total 

1 

' 490 

1 

6 

2 

^ 6 

1 

0 

1 

A\'EIL\GE member of D\TS I 

7 

11 

1 

I 10 

1 

— 


Note — The fii»t four e\penrnents ha\e been lepoited pieMously but are included to 
show the full senes One of the e\peunients with 50 male asiia was abandoned 


shoned daik mateiial m the cesophagus, which m manj cases had disappeaied 
a few houis latei The gieat majoiit\ of these fleas, wdien tested on living 
indents, succeeded in getting a blood meal and failed to infect the animal 
Diagnosis of the blocked flea in the capillaiy tube is not at all sti aightforward 
The most suspicious appeal ance has only been appieciated aftei much piactice 
A daik mass distends the cesophagus as fai as the thud thoracic segment at 
least, and this widens gradually as it passes back to the pioventiiculus This 
tapeimg causes an obhteiation of the angle between the cesophagus and the 
proventriculus, giving an appeal ance which at least frequently accompanies 
the blocked condition Russian woikers (Buichkm and Boizenkov, 1929) 
haie recently diawn attention to a new means of diagnosing blockage of a 
plague-infected flea by obseivation of the pioventiiculus isolated by dissection 
Noimally the external appeal ance of this structme is nodular oi mulbeiry-hke 
while in blocked fleas the exteiioi appears smooth This has been confiimed 
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by examination ol a lew blotkcd Ilea'i wliieli weie tlissected The Eussian 
expciicnce nuiicated that blocked fleaa diagno->ed bj this, method gcneially had 
no food le-'idue in the ■'toniach oi icctuni It is coiisidcied that undci-Bombay 
conditions a blocked flea would die bcfoie it became so empty 

The a\ailable mfoimation legaidmg the behavioiu and late of the few 
blocked fleas detected will be gi\en m detail Tins stud\ is of a laboiious 
natmc, as a ^epaiate animal wa- u-'Cd foi leednig each flea suspected to be 
blocked A huge nunibci, in addition to tho-c detailed, was fed individually, 
the onlj mteicsting le-'Ult being the occuuence of miection bj a flea w'hicli 
obtained a blood meal at the '-ame bite 'rhi> ta'C* of infection bj a paitially 
blocked flea is coiisideicd ol impoitance a" ■'Uch an mdi\idual might obviously 
live much longei than a completeh blocked flea The details icgaidiug this 
specimen .uc as follow's — 

23-10-29 Chcopib, lemale, tioin pit, "howed •>tout tapcied clot in 
ccsophagiis Applied to .i mou-e, it led slowl\ and led blood lemaincd in the 
oesophagus aftci the teed The mou-'C lemained he.ilth> Next da} it w'as 
applied to anothci mouse and sucked cigoioush loi scccial minutes Reel 
blood was seen to suiiound the black lesidue m the '-tomaeh, but the piocen- 
tiiculus lemamed bkick and icd blood was seen in the a'sophagus attei the 
feed The mouhe died of plague foiu days latei The flea w'as not fed again 
and W'as dead 48 houis aftci the last feed It was not, of couisc, suspected 
as a tiansmittei at the time of the feeding 

The blocked fleas aic dcsciibcd in the oitlei the} weie met with The 
tempeiatuie figuies lefei to the diy and wet bulb leadings at 9 v m on the date 
given The following abbicciations aic used 3T = thud thoiacic segment, 
ces = oesophagus, pv = pi oventi iciilus 


1 29-4-29, d b 86, w b 79, chcopis, male, with black clot lu ces Applied to a 
rat, it inserted the biting parts four times in fi\e minutes, and sucked vigorously but drew 
no blood The lat suiviied The flea was applied to a iiiouac immediately afterwards and 
it bit but failed to draw blood The mou&e bunned The flea died the same day 

2 11-6-29, d b 86, w b SO, aUia, mule, with slendci black clot along ces equal in 
length to pv Applied to a mouse it sucked Mgoiousl}’’ foi three minutes and red blood 
was seen to leach pv once The mouse suivued Next day the flea filled lapidly when 
applied to another mouse Smear showed many plague-like bacilli 

3 8-7-29, d b 83, w' b 80, astia, female, with stout tapeimg mass m ces leachmg 
ant 3T Applied to a mouse it mseited m several places and tiied diffeient leves 
over a penod of five minutes Red blood was seen to leach pv once After the fee 
red blood could be seen in ces only The mouse survived The flea was dead next ay 


Dissected it showed brown clot in ces Cultuie gave no B peslis but many cocci 

4 17-7-29, d b 83, w b 78, asUa, female, with tapeied clot m ces reaching 
Applied to a mouse it sucked for twm minutes but blood leached as far as pv o y 
After the feed red blood was seen m ces only The mouse survived The flea 
sected at once and showed i tough clot in stomach and pv and led blood m ceo u ui 


ga\c no B pcbLib but mam cocci I'hck 

5 6-9-29, d b 80, w b 76, astia, female, with an empty ces but a deme ^ 
stomach and pv Applied to a lat, led blood leached as far as pi^ o y 6i 
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feed red blood \\a3 seen m ces and ant pa only The rat snniatd The flea died the 
same day 

6 10-9-29, d b 79, w b 75, astia, female, showed a conical mass obscuring the pv 
Applied to a rat it sucked for five mmutes and anbratile red blood was seen m ces 
After the feed no red blood could be seen The rat died oj plague five days later The 
flea was dead next day Culture showed scanty B pestis and many cocci 

7 10-9-29, d b 79, w b 75, aslta, female, avith stout tapeied clot reaching 3T 
It had refused to feed on the previous day when the appearance was similar Apphed 
to a rat it bit four times in fi\e minutes and red blood was seen in the ces each time 
The rat sunned Next day (d b 80, w b 75), the appearance was still the same and 
when applied to a mouse it behaved as before and a minute droplet was seen to escape 
from the proboscis at the last withdrawal Aftei the feed the pv was still black and 
red blood was \isible along the whole oes The mouse died of plague five days latei 
The flea was dead next day Dissection showed that the nodular appearance of the p\ 
was obliterated Culture gave many B pestis and many cocci 

S 18-9-29, d b 82, w b 77, aslta, female, with black clot m ces leaching 3T 
Applied to a rat it sucked vigorously for five minutes and remserted twice when disturbed 
At the last withdrawal a droplet was seen to leaxe the proboscis After the feed the ces 
still seemed distended with red blood The rat survixed The flea was dead next day 
Smear showed manj cocci but no plague-like bacilli 

9 20-9-29, d b 82, w b 76, astia, female, ivith black tapering clot in ces This 

flea had refused to feed on the two previous da>s when the appearance was similar 
Applied to a mouse it sucked for five mmutes A bioad band of led blood was seen m 

oes but did not pass the px The mouse surxuxed The flea was dissected next day It 

showed a smooth p\ which contained an adherent clot Culture gaxe many B pestis and 
scanty cocci 

10 10-10-29, d b 81, w b 77, astia, female, with tapered clot as far as 3T Applied 
to a mouse it sucked for two mmutes and a broad band of red blood was seen m oes 
After the feed a little red blood was seen just m front of pv The mouse survived Next 
day the flea refused to feed on first a mouse and then a rat It was then dissected and 
showed some clot m ces but the pv had a normal nodular appearance Culture showed no 
B pestis but many cocci 

11 30-10-29, d b 83, w b 74, cheopis, female, with tapered clot as far as ant 3T 

It had been partially blocked on the txvo pievious days Applied to a mouse it bit and 

red blood replaced the clot as far as the pv The mouse surxixed The flea was alive 
next day It was dissected and showed clot m ces but the pv xvas normal Smear showed 
many plague-like bacilli and culture gave pure B pestis 

12 30-10-29, d b 83, w b 74, cheopis, female, with dark clot along the whole ces 
Apphed to a mouse it bit at once and red blood replaced the clot as far as the px After 
the feed a trace of red blood could be seen near the px'- The mouse survived The flea 
was alive next day Dissection showed a smooth pv Smear gaxe many plague-like bacilli 
and culture a pure growth of B pestis 

13 7-11-29, d b 82, w b 79, cheopis, female, with the pv obscured by a blurred 
mass Applied to a mouse it sucked for several mmutes and a broad band of red blood 
was seen m ces After the feed red blood was seen m oes and ant pv only The mouse 
surxixed Next day the flea appeared normal and the followmg day it was dead 

14 18-11-29, d b 82, w b 76, astia, male, with a long tapered clot m ces reaching 

ant 2T Applied to a mouse it sucked for fixe mmutes, blood passing as far as the pv 
onlj kfter the feed led blood xvas seen m the anterior part of pv and alon”- the ces 
as far as ant 3T The mouse died of plague four days latei The flea was dead next day 
Dissection shoxxed that the nodular appearance or the px xxas obhterated ^ 
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Ij 21-11-29, (1 I) 7S, w 1) bo, braolu jeni'ilr, with I.iif'o hiuircd-looking pv 
Applied to n nioii‘-e it ''Ucked loi -oiiie mmuti s md nd idood niched flic p\ twice 
Altei the lecd no icd blood could bt mih Tin iiioii'i ‘iiinnid Tin flc\i w is dead ne\t 
da% On dis--ettion the j)\ w i-^ nodiil ii Nmc tr showed in ui\ pi igiic-Iike bicilli 

16 1-12-29, d 1) 8,5 w b 7.5 t/«opn, li in ilt , illi'i two du., '.tir\ation ifill dioned 

i shoit clot in cc'i Applied to i inon-e it bit -citiil time-, nid Ntriigglcd Molcntlj A 
dioplet left the jnoboscis it the 1 i-.t lutlidran ti Vfti r the iccd red Idood could be seen 
in the intoiioi jn ind dong put oi (c-, I'ln mono ilud oj pla/jui >,ix duyi later The 
11c i wab deid lunt di\ md di'icifion 'howid i -.mooth jii 

The bineai^ leteiicil to wcie inep.ncil 1)\ teii^iii'4 ti[) the pioventiitulus and 
stomach m a little "aliiie and ■'ineaiin'? out tiic enitiNum Aluteiial for cultiue 
was taken fiom the same emulsion In all these cases onl\ the one flea was fed 
on each animal, and the suicninj; lats oi miie weie killed and examined after 
the usual thiee \\eek^ None oi the suniiois showed signs of lesolving oi 
leeo^elcd plague 

These fleas wcic chiefU obt. lined iioin the jnts The exceptions weie 
Is^os 6 and 15, tlie fotmci being detected among the fleas ot mixed flea expeu- 
ment 155 on the da\ that the test i.it died of plague, while the lattei belonged 
to expeiinient 100 being found blocked fne da\s ,iitci the test lat died of 
plague These two suggest that i flea once blocked m.u icm.iin dangcious, 
at least at intenals, o\ei .t peiiod of some da\s On the otiici liand, the foui 
blocked fleas which tiansuiittod weie all dead on tlie da\ following the infecting 
bite Fuithei stuck of blocked fleas iec|uned Tlie ehiet inteiesb of the 
lesults so fai is the pioduction of blocked female .uul male astia at a mean 
tempciatuie close to 80°F and the tiansinission oi inlcction by some of these 
at a single bite 


Vijulence of the plague bacillus in the flea 

One expeiinient w'as designed to clcmonstiatc anj loss of vnulencc on the 
pait of the plague bacillus as a lesulfc of its sojouin in the flea At the 
conclusion of mixed expeiinient 167, in which no tiansinission occuiied, each 
flea W'as dissected and the usual emukion piepaied A sample was taken foi 
cultiiie and the lemains of the emulsion in each case was mixed with 0 2 cc 
saline and injected subciitaneouslj'' into a Aiadias lat The lats weie examined 
as they died, the siuvivois being killed aftci the usual thiee w'ceks The lesults 
aic given m Table VIII Out of 40 fleas examined, 28 gave B pestib on cultuie 
Of the lats coiiesponding to the negative cultuies all leniained healthy Of 
the 28 lats coiiesponding to the positive cultuies, 23 died of plague between the 
second and seventh days aftei injection The zemaining five showed local 
abscesses at the site of inoculation thiee wmeks latei, and in thiee of these plague 
bacilli weie isolated fiom the pus In paiticiilai, it is seen fiom the table that 
in the case of astia and bi asihensis theie is no suggestion of a dinimishcd 
viiulence of the bacillus ten days aftei infection of the fleas 
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Table VIII 


Vnulence of plague bacilli ten dayi> aftei infection of fleas 
(Fleas of mixed expeiiment 167 ) 
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Species 
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Jicit-l' l(‘(fs (Did Iht' Ti ails))! oj Plaz/ue. 


'Pmui VII[— fo/((W 



* ' ‘ 

f DiSCLSbIOX 

PieA’ioiis ob'-ci \ atioii" r/ this subject have been discussed by Hast in his 
Memoii and it is uniKa cs. Ai v to lepeat the stoiy The lecently published 
compilation of tlic Mc(hc.|1 Reseaich Council (Petiie, 1929) states that the 
role of A’ a\tui is im'^cttlea and that theie is no detailed infoimation regaiding 
X b?as;/u?/Ms It coneliujes 'To sum up, the pievalence of bubonic plague is 
dependuit on tlie iiio\ale,|ce of lat plague and this in tuin is goveined by the 
climatic fictoi' — temjieijtuie and ie]atiA'’e humidity — which influence the 
developmental ‘-tagos. of •'the lat-flea and the multiplication of the plague 
bacillus within the flea ’ i| 

X ^eopis, X and A'' hiasihensts have all been found capable of 

transmitting plague Tne piopoition of fleas haibouiing the plague bacillus 
•which eteA become cajiflble of conveying the infection is not large, and may 
vary gieatly with eliai^es m climatic conditions When twm species of flea 
aie of unetjual \alue a^^ tiansmitteis, the diffeience will be the moie inaiked 
the fewci the fleas us^p in compaiative tiansmission experiments If many 
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fle'is aic used the difterencc may be laigelj concealed The mixed flea e\peii- 
mentt- iMth i dozen fleas oi less m each ca«e indicate that ai,tia is v much less 
legulai ti insmittci than eithci cheojns oi bi asiliensis The blocking pheno- 
menon has, ho\\e\ei, been obseived m both sexes of astia fleas, and continuous 
transmission experiments nith astia fleas only, have been successful, both with 
a verj laige flea population and with a propoition of fleas to lats more closely 
approaching that met with m natuie 

'^Undei expeiimental conditions cheojns and biasihensis weie much more 
successful tiansmitters dmmg Januaiy and Febiuaiy m Bombay than at other 
times of the yeai -Y astia vas apparently not much more effective in these 
months than at other times The question of the sex of the flea in connection 
with its transmitting powei is not eas> to answer Fiom the mixed flea experi- 
ments it would hare seemed leasonable to conclude that, of the six groups, 
male cheojns and male biasihensis aie much the most legulai transmitters With 
the pit fleas, howevei, the cage experiments show female cheojns and female 
astia to be much moie eflectue than then lespective males Male astia fleas 
have been found of low lalue as tiansmitters in all the experiments The 
finding of an individual blocked male astia capable of infecting with a single 
bite was paiticulailj foitunate The experiments of Hirst, of Tayloi and 
Chitre and of Goyle all gave fewei transmissions with astia than with cheojns, 
and m most of these the number of fleas employed was larger than m the 
mixed flea experiments The conclusion is that although both sexes of the 
three species are potential tiansmitters of plague, j^et the proportion of infected 
astia which become capable of transmitting is much less than in the case of 
cheojns or biasihensis In other wmrds, where a specifically pure flea popula- 
tion is concerned, a highei astia index is required for the continuance of 
epizootic plague 

The exact numerical value of the different species cannot yet be laid dowm 
The renewed epizootic in the astia pit provided some information regarding 
this species With a flea index of seven the epizootic could be restarted When 
the epizootic had ceased the flea index wms found to be 3 2 Under the most 
favourable conditions the necessary astia index may he betw'een these two 
figuies In nature a still liighei index is probably required The mixed flea 
expel iments m the plague season, taking both sexes of each species and counting 
the fiist tiansmission in senes only, gue the relative value as transmitters of 
cheojns, astia and biasihensis as 1 0 3 1 7 lespectuely 

In Bombay clt^ the months of December, Januaiy and February are much 
the most favourable for experimental plague transmission In former years 
these months were noted for a gieat rise in the number of human plague cases 
The epizootic and epidemic being then thoroughly established, were able to 
proceed on much the same scale for another few months, when, judging b> the 
results of cage experiments, the conditions are much less favourable foi 
tiansmission In [Maa the climate is hotter and drier (see Table V) and the 
abiupt decline in the nunibei of human cases about the end of May was for 
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OBSEEVATIONS ON THE NATURAL HISTORY OF 
F BA \CROFTI IN DWELLINGS IN RELATION 
TO THE SYSTEMS OP DRAINAGE 

Part VII 

VISHNU T KORKE, f r c p (Edin ) , d t m (L'pool ) 
{Cenbal Reseaich Institute, Kasauh) 

[Recei\ ed for publication, May 5, 1930 ] 


I Utroduction 
II Material axd technique 
III Results obtained in field studies 

A Duellings in i elation to the systems of diainage in diffeient endemic 
aieas (Gangetic plain) 

B Iilarial incidence accoiding to age, se\ and signs in i elation to 
systems of diamage 
C Filaiial incidence and occupation 
D Culex fahgans 
IV Discussion of results 
V Con clusions 

I Introduction 

The lesult'^ of investigation into the filaiial situation in Bihar and Orissa 
haie leiealed so fai that the incidence of filariasis vanes uith the nature of 
arable teiiain and that the intensive endemic aieas are governed by the 
coiielated factois of 11) teiiain at the sea level, (2) arable nature of land 
uheie plnsical factors aie such as to yield a staple crop like paddy, (3) urban 
01 suburban population, l4) incidence of F banciofti, (5) presence of Culex 
fatigans, (6) collection of uatei undei insanitaij surroundings (Korke, 1930 
a and h) 

The inteiest of a piactical sanitaiian uould necessarily he m the know- 
ledge of the fact^ uliich aid in determining hon and ivJiere to start pieientive 
measiiies in a gi\en endemic centie To elucidate these points the intensive 
studa of a duelling appears to be a guiding factor 

( 427 ) 
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ffistiui) (if T*’ h,iiu‘iot‘U >11 Iti'hil ii)>i hi l)i (itiKKjc 


\ at lull" III) I dwillitm tni(ii|i<ii ili tin '-tiiiK ot init'ttioii in the 
ilftimtn (• anti intni nu tliali lio^t-. and i>t Inc idling tunditnni' ut tiic intcuncdiatc 
host 

C (oltiidiis 1^ a inii-'iniitii ddiiK-tn m liahit- md Horn tlic* fdaiial 
point it- I)K‘(‘d i('(d iiid kerp in i\ he luuki d ten in and aioniid the dwelling 
whuli ollei- It tin neii — u\ (ijijioitnnitu- 

A duellin'j; ina\ hi- -itnitid in an nihan, -nhinhin oi a \illage aiea The 
mam immt ot ihncionet heiwmi the-t aua- i- the den->it\ of population per 
scpiaie mile and the deigiee o! - mil iiion l)\ uhnh the aita i-* tontiolled 

Sanitation tiom the Id. iiial i-piit depend- on the mode and method of 
disposal ot liou^e w.itei tioiii .i dwellnu? d'he rmthod- ot di-po-al can piin- 
cipalh be el.i-^ified imdei tom -\-ttm-, \i/. , (ementtd oi ‘ putca diam’, non- 
cemonted oi ‘kuiih.i’ di.im, ce— pool oi ‘houd’ (mo-tl> non-ccmcntcd) , and 
ab-cnce ot am -\-tem oi i piomi-tiion- \s.i\ ot di-po-mu; ot the hoube watei 
It ha’- been ob-ei\ed that p.ut- ot an uiban oi -ubuib.in aiea aie not 

exclu'^ivch pio\ided with one -mjgle -\-tem but lombm.ition- ot all these 

‘s^-tcm^ oeeui, one empt\m<r into .inothei 

The viellx icn( y m the piopei woikm^ ot m\ one ot the s\ ■steins leads to 

the aocumulation of w.itei and oiue tin- foinis is left standing, it 

fa^ouIs the bi ceding of Culci f(iti<j(ui\ 

In addition to thc'=e -ouiec- ot .u cumulation, theie aie aitificial excavations 
like tankb, ic'-en 011 -=:, can.ilb 01 wclN, ii'^cd foi domestic and agiiciiltuial 
puipo=!e<? neai a dwelling 

Con^sideiatioiis hke the above suggc<?t tbe stiuh of the natuial histoi}’’ of 
filaiiasis 111 a dwelling m lelation to diamage -\stem 

II jMvTCRlAL VXD TPCHXIQUr 

The matciial foi thib investigation w'as deiivcd tioin families and sections 
of the population icbiding undei difteient, 01 diftcient combinations of, diamage 
systems (Fam , 82, Cases, 480, Gioup cases, 421) 

The blood mateiial was taken dining the houis of 7 and 10 at night The 
embiyos in the peiipheial blood weic identifiod as those of hdiioojh, and the 
cases vvcie classed as positive 

In the case of dwellings inv^estigated (1) the inmates w'eie examined, 
(2) Culed jahgam was caught and dissected (females only) , (3) mosquito 
laivae weie collected fiom the diamage system pi evading aiound the dwelling, 
the laivae bied out at the laboiatoiy at Cajm and the adults identified 

In addition, mosquitoes weie caught and dissected fiom aieas at a distance 
from the actual site of investigation This wxas to asceitam the prevailing 
species of mosquito and to deteimine the filaiial infection in the aiea 

Signs weie classified into affections of the male genitalia, teimed ‘sciotal,’ 
and affections of the extiemities such as fugitive and peimanent oedemas m 
males and females, teimed ‘ teiminal ’ These signs weie consideied to be 
‘pathognomonic’ of the filaual condition in an endemic aiea 
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Exainiuatiou of the female population m a familj was the most difficult 
pait of the Inquiiy The iemalej> geneiall> belonged to the well-to-do classes 
of Hindus and jMohammedans and owing to the stiict puidah conditions in 
these puts, the peiipheial blood was talven fiom the hand protiuded thiough 
a puuhh Cautious and discieet mquiiies weie essential legaidmg the signs 
m the females Foi the sake of bieaitj in the table, ages up to 20 yeais aie 
gi\en as ‘adolescent’ males and females The nomenclatuie adopted is as 
follows — ■ 

C D, cement diain, N C D, non-cement diain, C P, cess pool, N S, 
absence of any sj stem , R , i esei \ on , tank oi canal , Pop , sections of the 
population, Gip , gioups of population, Fam , families, Cas , cases. Post, cases 
positive, P C, peicentage, Sciot signs, sciotal, Teini , signs, teiminal 

I paiticulail> wish to lecoid nn thanks and appieciation foi the help 
gnen to me bj I G M akefield, Esq, ot Gaja, Dis S C Mukheijee and 
Yiwoof of Bihai, Di G V bahaj of Nawadah, Sub-Assistant Smgeon S N 
Sinha of Jamhoi, Suh-A&sistant Smgeon P K Gupta of Wazirgunj, and my 
own assistant Di K K Da«, who tiamed himself m the technique of mosquito 
identification and showed consideiable zeal m his w'oik, and my clerk R P 
Smha 

III Results obtained in field studies 
A Duellings in relation to the systems of diainage in diffeient endemic aieas 

(Gangetic plain) 

Aiea 1, uiban, Biliai, a laige aiea ne\t to Patna situated muchly 
cultnated land about 20 miles south of the Ganges and dotted wnth leseivoiis 
Two cement chains lun piacticallj the entne length of the naiiow main 
tnoioughfaie fovei a mile) and empty into a laige pit at the southern extiemity 
of the town The dwellings situated on the southern sectoi of this diamage 
weie imestigated In othei paits of the towm and m the investigated submbs 
like Solidih and Soho, cess pool and othei systems pievail 

Details legaidmg incidence of infection m families and groups of the 
population and signs manifested undei diffeient systems ot diainage aic given 
undei Table I 

Dates of im estigation, 4-2-1930 to 28-3-1930 

fiicidefice— Bihai piopei total cases, 193, positive, 41, pei cent, 21 
bohclih — tot il cises, 30, posituo, 4, pei cent, 13 Soho —total cases, 18, 
positne, nil 

Intensity of infection— bystem^ C D plus R, pei cent, 50, C D plus 
C P , pci cent, 37 5, C D , pei cent, 19 3, C D (cases few), pei cent, 20, 
C P , pel cent, 10 6, N b , pei cent, 10 ' ’ 

Fiequency of signs —S^ stems C D plus R , sciotal, pei cent, 50, C D 
sciotil, pel cent, 39 4, teimiml (male), pei cent, 22 5, teiminal (female), pei 
cent, 26 CP, sciotal, pei cent, 31, teim, pei cent, 11, term (fern)’ pei 
cent, 5 C P plus R, sciotal, pei cent, 16 6, teim , pei cent, 116 teim 
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of F bnnciolti ni Rdation to Duunago 

(fcra), pel cent, 9 3 (Paibalpui nie.i is included in tins s3,stcra) The figures 
foi the iCst of the systems ue lou 

Hibtoi ij of a fiUmal laiuihi — Foi leteicnce in the discussion of icsults I 
gi\ e paiticulais ol one fainiK in some detail The olijcct is to show, iihat in 
all piobabihty liajipeiis undei the optimuin (onditioiis ot inlection 

Family, Bihai, iich !Moh.immtdans, house sp.itious, an\, appioaching a 
mansion, isolated, with i huge gaiden in the lomjiound Innei couitjaid 
cspocialK ol the Zenana (juaiteis p.ued with stunts h.uing a well in the 
centic, disposal ot walei b} pared diaiiis In the neai riciint} of the liouse 
stands a spacious lesenon alw.i\s ied witli watei 

Data, (1) male 55, juisitirt, sign, <h\linia, 1 2) male, 50, positne, attacks 
of Ir mphangitis, (3) male, 20, negatne, sign, sdotal, (1) male, 24, iiositne. 
Signs sciotal and thjhnia, (5) male 21, positnt, no signs, (0) male 24, positue, 
attacks of ferei, (7) male, 12, negatne, pann m the sciotnni with attacks of 
fcrci, (8) male, 24, negatne, no signs, (9j lemale, 45, negatne, no histoij 
gnen, (10) female, 50, negatne, tedema, aim The icst ot the membeis weie 
absent at the moment but theie was .i delinite histoij ol filaua&is m some of 
them 

Adults bicd fiom lame collecteil tiom a tenicnt tlnim m fionfc of the house 
wcic all (' fahqaub, m fact the diam was teeming with the lan^e (7-4-1930) 
Aica 2, \illage, Paibalimi, about 10 miles liom Bihai wateied by lesci- 
voirs, srstem — ccss pool, gcuoial mtoimatuni undei Table I, total cases, 62, 
positne, 11, pel cent, IS, date, 25-2-1930, no mostunto woik was done in tins 
aiea 

Aiea 3, iiiban, Gar a, s\stcni C D , geiieial mloiniation umlei Tabic I, 
total cases, 56, positive, 11, pci tent, 20, date, 23-3-1930 to 25-3-1930 

Intensity of inieition srstem C D , tain , 19 pei cent, gioiip, 20 pci 

cent 

Fiequency of signs figuies low 

Aiea 4, village, Waziigimj, absence ot an} svstciii, gcncial infoiniation 
undei Table I, total cases (tarn), 115, positne, 12, pci cent, 10, date, 
25-2-1930 to 27-2-1930 

Fiequency of signs hguies low 

Aica 5, Milage, Jamhoi , situated m a iichly cultnatcd aiea, 60 miles w'est 
of Gaya, aieas investigatetl, 2, Jamhoi piopci possessing paitlv all systems 
of diainage and Jainbigha about 2 miles w'est on the Puiipun, lepiesenting no 
system, geneiai mfoimation, undei Table I, date, 26-11-1929 to 4-12-1929 

Incideiue total cases (fain), 52, positive, 7, pei cent, 13, total cases 
(gip), 66, positive, 17, pei cent, 26 Infection at Jamhoi piopei is 22 pei 
cent and at Jainbigha (cases, 13, positive, 1), 7 pei cent 

Intensity of infection systems C D plus R , 37 8, C D plus N C j 
20, C D , 18, N C D , 17. C P plus N C D , 10, N S plus R, 9, C P, nil 
Frequency of signs figuies low 



Table I 

Shou'mg incidence and signs of filanasis in i elation to the systems of diainage 
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llibloiij oj I*’ l)aiiciulli III liclaliuH to Diaiuai/e 
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Ihstonj 0/ F baiiciorii in lU-Uilioii lo DnniKujr. 


Aie.i b, siibmbun, Nanadali diMtlfcl b\ the ii\ci into aiea piopci and 
P.u Nauadah, pioniinent ^\-'teiU'^ ctnient di iiii> m the fonnei and cess pool 
m the lattci , gcueial iniounation iindei Table I, date, 2()-l-1930 to 2-2-1930 

Iniidenic N.iwadah ea^e-^, bl, po^itue, 7, pel cent, 114, Pai 
Nawadah ea^'Cs 55, iio-'itne, 3, pei lent, 5 1 

Intcubity '-N'-tenis. C D pin-' C P, 112, C D, 11, N C D , 6 6, 
C P, 2 7 

Fiequeniij ut '.uins fn^uies low 

Aica 7, \illage, Rajaiih aboiti 20 iiiiU" 'Oiith ol Nawadah and piesents 
featuics! of the submontane tondition-', (lie inn dnide-' the aiea piopcr from 
Milage Nematand, cement rliaiii" and ce-'^ pool '\-<tem> picdominutc m the 
foimci and absence ot an\ s\-'tem m the laltei , gtneial infoimation undei 
Table I, date, 19-1-1930 to 23-2-1930 

IncideiKc Rajauh geneial aiea jiolite thowkuiai-', pei cent, 5, Rajauli 
inojici total ta'-e-', 79, po-'itne 7 pei lent, S8 

AiOii Nematand tot.d ta-e-, 18, po-'itne, 5, pci tent 10 

Intensity of infcdion ■'\''tem C D iRajaiili), pei cent, 14, N S, 
pet cent, 11 

Fiequency of siyns hguie" low 

Aiea 8, subuiban, Tekaii. total la'^c-', 28, po&itne, 1, pti cent, 14, gcnetal 
mfoimation. Table I, ckite, 20-12-1929 to 29-12-1929 

B Filanal incidence accoiding to aye, set and signs m i elation to the systems 

ol diainayc 

The data m thn ic'-iiect ha\e been gnen uiidei Table II The evidence is 
twofold It iclatcs il) to the llccluenc^ with which a paiticulai S 3 &tera is 
incsent, and (2) to the lieiiuentn with which a high pei tentage ol infection in 
age, sc\, etc, and in '■igns is gnen b^ a paiticulai si'stem Pcicentnge of 
infection out of 83 ''>''tcms ('-ingle oi in combination) lepiesented m the table, 
C P , appeals 25 timc'-, C D , 22, N CD, 15, R , 14, and N S , 7 

Peicentagc of signs m male sciotiil out of 14 systems, G D, appeals 4 
times, C P, 4, N C D, 3, R, 2, and N B, 1, teimmal, C P, appeals 4, 
C D,3, N C D,3, R,2, and N S, 1 Pcicentnge of signs In female 
teimmal, C P , 4 times, C D , 4, N C D , 3, and R , 2 

SuAiiu vna 

1 Cement chain and cess pool appeal most fi eciuentlj’’ either singly or 
in combination 

2 In the three systems lepiesented singly, viz, cement diam, cess pool, 
and non-cement chain, cement chain takes a leading pait both m the peicentage 
of infection and m the fiequencj'- of signs 

3 Cement chain m combination wuth leseivoii, cess pool, oi non-cement 
diain, show a highei clegiee of infection both m the peiipheial blood and m 
the peicentage of signs than the combination of othei systems 



V T KorTce 


435 


Table II 

Filanal incidence accoiding to age, sei and signs in i elation to the systems of 

di ainage 



1 

PERCENTAGES IN AGE 
AND SEX 
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C Filaiial incidence and occupation 

'Ihe details of infoimation aie given undei Table III The sjstem adopted 
foi tlassifjiiig the sections of the population is as follows — 

1 Hindus, bettei class, Biahmin, Rajput, Kayastha, Babhan 

2 Hindus, unclassified (vant of infoimation) 

3 jMohauimedans agiicultmalists (petty), tiadeis and sen ant class 

4 Sen ant, domestic class Kahai, Kmmi, IMali, Dhobi, Hajjam, Dosadh 
Dom, Sveepei 

5 Tiadeis IpetU) class Bania, Teh, Goala, Passi, Tamboli, Iion- 
moiigei, Julai, Kumliar, IMallah, Chamai, Ivandu 

6 Aitisan class Lohai, Sonai, Baihi 

7 Agiicultuints Village choiikiclais, Kaiii, Kalwai, Rajwai 

Tible II, s-sstem C D and C P classes, bettei icpresentcd, infection 
27 and 25 pei cent le^ptctneh S> stems C D and H C D, C P and 
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Iiutih'iKc of as .shuirn hi/ blood cuuninaLion and in accoiding 
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Tvble III — contd 



MALES 

FEMALES 


System and occupation 

Blood posi- 
tive 

Blood i^eca- 

TIVC 

Blood posi- I 

TIVC I 
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Total showmg 
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No 

signs 

Show 

signs 

No 

signs 

S'sstem, N S — 

Hmdub, Better Class 

1 

1 

1 

18 

I 

1 

1 



1 
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/[isfonj of P baiicvolti in Iinlahon to Dininafjr 


Tmilc lll~concUl 




MALES 

FEMALES 1 

1 

Syotem and occuintion 

1 Biood ro-ii- [ Blood m c\- 

i TI\L j TUI 

Brooo rost- 

TUl 

Biood mg\- ' , , 

TUF .Total -houing 

1 Signs per cent 


1 

1 

1 

1 

Show 

( 

No , Show 

No 

Sliou No 

hliow 

No 



signs 

-^lgn3 j sigud 


f 

signs 

signs 

System, C 
D — 

P & N C 


■ — 1 

1 

1 

1 


1 

1 


1 

1 

i 

1 

Hinflns 

Better Class 1 

' 1 

* 2 

3 

1 1 

1 

2 ' 

Sen ints, 

Domestic 

2 

1 1 

1 

2 

1 

i 

t 

2 1 

titi'iins 

1 


i 

1 

1 

t 

1 

! 1 

1 

1 

( 


1 

Tot\l I 


1 3 

1 

6 

1 

1 

1 

t 

i * 

I 

2 



N C D , classes not piopeily lepiesented, infection 30 and 40 pei cent 
1 espectively 

D Culei fatigans 

Accuiate infoiination on the biononuc-^ and bi ceding conditions is still 
wanting in the case of tlii" ino'ciiiito but the data so fai collected aic of the 
following natuie — 

Aiea, Biliai [infection in C fatiguns in Bihai piopci i\as tound to be 
33 pel cent (Koike, 1930«) ] 

Collection and dis‘iection oj adidts date, 8-2-1930 to 17-2-1930, tempciatuie 
15 5°-18°C wot and 22°-26°C dn 01110=;, total C fatujans collected, 45, 
dissected, 27, positne, 5, pei cent, 19, otliei specie^ of mosquitoes found in 
the dwellings, none 

Bieeding-places (1) S^^tem C D, aicas, 4, total mosquitoes biecl, 
162, females, 85, (2) system — C P , aicas, 3, total mosquitoes bied, 283, 
females, 115, (3) pools of watei total mosciuitoes bied, 70, temales, 38, 
(4j system N C D , total mosquitoes bied, 99, lemales, 42, all Cule% 
fahgans Fiom the fiist collection of laivai to the fiist appeal ance of 
the imagines, time occupied, 3 to 4 da 3 ’'s, the whole obseivation complete, 8 
da 3 ’’s Obseivations on 10 leseivoiis in diffeient aieas of the town showed 
absence of bleeding, date, 7-4-1930 and 8-4-1930, temp, 23 5°C wet and 
35 5° C diy bulbs 

Aiea, Gaya [infection m C jahqnns in this aiea langed between 14 and 
30 pel cent (Koike, 1930a) ] 

Bieeding-places 28-3-1930, temp, 21 5°C wet and 35 5°C diy bulbs, 
system C D , 2 diains, total fatigans, 70, females, 30. 
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Aiea, Wazirgunj [infection in C fatigans of this aiea was found to be 
14 pel cent (Korke, 1930a) ] 

Collection duellings, 4, C fatigans, 36, C bitcenioi hynchus 3, C tntce- 
moihynchiis, 9, A fuliginosus, 5, no dissection 

Bi eeding-places date, 28-2-1930 to 5-3-1930, temp, 17 5°-22°C wet 
and 29°-31°C diy bulbs, system C P , T fatigans bred, 16, fem , 5 Obsei- 
vatioii complete, 5 dais 

Aiea, Tamnoi [infection in C fatigans of this aiea was found to be 7 
per cent (Korke, 1930a) ] 

Collection date, 27-11-1929 to 4-12-1929, temp, 16 5°-22 5°C wet, 
23°-25 5°C di\ bulbs 

Aiea, Jamhoi piopei, dwellings, 5 (gioups of population), C fatigans 
collected, 38, dissected, 18, positive, nil, dwellings, 13 (families), total mos- 
quitoes collected, 202, dissected, 158, positive, 17, pei cent, 11 

Aiea, Jambigha, duellings, 2 (gioups of population), total C fatigans 
collected, 12, dissected, 11, positive, ml 

Aiea, inspection bungalou (about a mile fiom the town) spaise pop , 
total mosquitoes collected, 19, dissected, 14, positive, ml Othei species of 
mosquito found, total, 103, fern, 99, A fuliginosus, A pallidus, A subpictus, 
*4 culicifacies, 4 hyicanus, C tntcenioi hynchus, C vishnui 

Othei cuhcines dissected, all negative C fatigans uas taken in abundance 
fiom the houses of families and the othei species fiom the aieas of Jambigha 
and Inspection Bungalow 

Bi eeding-places laivae collected from pools formed bv uell watei when 
dev^eloped weie all C fatigans Obseivation complete, 7 dajs 

Aiea, Nawadah [infection in C fatigans in this aiea was found to be 
24 per cent (Korke, 1930a) ] 

Collection Kauadah, date, 27-1-1930 to 31-1-1930, temp, 14 5°-22°C 
uet, 20 5°-23 5°C div bulbs 

Dwellings, 4, C fatigans, 82, dissected, 61, positive, 7, pei cent, 11 4 
Collection Pai Nauadah, duellings, 7, C fatigans, 29, dissected, 15, 
positive, nil 

Bi eeding-places Kauadah, svstem C D , C fatigans, 30 Pai Nawadah, 
system C D , C fatigans, 36, N C D , C fatigans, 79, C P , C fatigans, 3; 
total females in the lot, 54 Observation complete, 2 to 5 davs 

Rajauh collection, date, 19-1-1930 to 25-1-1930, temp, 12'’-16°C uet 
and 17 5°-20°C dry bulbs 

Area piopei, total C fatigans collected, 57, dissected, 21, positive, 1, other 
species collected from the dwellings, A subpictus, C bitcenioi hynchus, C ’ tntce- 
nioi hynchus and A culicifacies all in small numbeis 

Area Nematand, collected (mosquitoes scanty), total C fatigans 11 
dissected, 9, positive, ml ’ 

Bi eeding-places sjstem C D (Rajauh) C fatigans, 76, females, 33 
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Aiea Tckaii [infedion in C faluian'^ m tlii> .nun w.is louiul to be 19 pci 
(ciiL (Koike, 1930f/) | Ob-ei\ation, date, *21-12-1929 to 28-12-1929, temp, 
12°-lb°C ^\et, 17°-19 3"C' dm biilb-^ 

Collection lioin dwellinu;'' 7, toUd C jaluinm,, 101, di-^ec ted, 83, po'^itue, 
8, ])ci tent 10 

Othei tpeeies ot nio-'tiuitoes total, 92, I fuluiino^ns, jb, .1 liubpictus, 
4 pallului,, C n\hnui, male" o, ol (' ri'^linut onl\ 

The obsei \ .itioii" lame the (pie"tion uhethei it i" tlie mimciital inciease 
of the "pceie& hied in a paituulai "\'.tein ol di.iina''e, oi the longe\it} of the 
lacc inobabh kejit Miile In the inomtine tonditioii" ol a paitieiilai mstem 
of (hainage oi ie"ei\oii whuh i" the ie"pon"!ble l.utoi 

Iloweeei, the e\ idenee i" t t>i lobomtne ol tin l.iet I Koike, 1930a) that 
C jatigans will bleed in the-e aiea" undei "Uinniti and uiiitei tonditions, in 
cement diaiiis, te"" luiol" oi am toilet tion ot dnt\ watei pitnided the esatei 
IS kept standing "uduieiitK long, loi the leinalt" to la\ egg" and piip^e to 
detelop into adults 

An iinpoitaiit point, ahe.ide leleiied to, i" th.it to ob"et\c denelopmcntal 
toiins ot F banoofti tme "hould "tauth foi (' {nticjon'^ within the dwellings 

I\' DmCLbslON Oh U1SLL1& 

The data on 901 ca"e" ha\e been pie"Ontctl lot diftus&ion The aieas 
obseived aie inoic oi Ic"" tjpie.il oi the Clangetit pl.iin 

The fust point tluit "tiikc" one is th.it m .i gnen aica theie aie tiacts 
01 sub-aie.i" wliieli aie not ne.iih "O allot ted .i& aie othei & Take foi instance, 
Jamhoi and .fainbigh.i, Nawad.di and Pai Naw.ulah The physiogiaphical, 
physical, social and eeonoinit t.utoi" aie neaih the ".line, .ind yet theie aie 
diffeiences in the degicc of filaiial infection 

The cause foi thi" taii.ition niaj be looked foi in the inveitebiate host 
Foitunateh one has to de.il with oiil-v one "pecics of ho"t in Biliai and Oiissa 
and it is cab\ to follow it" tiail C fatiganc, will bleed in any bhallow’’ duty 
collection of w^atci undei am eonthtions of tcinpeiatine and it is this consideia- 
tion wdiich leads one to inccstig.ite the svbtcnis ot diainage 

In the foui basic systems ot thainagc, one is piomiscuous and the lest aie 
designed foi the wmlfaie of the community In these systems the oftenclnig 
featuie is the liability to letain collections of watei Cement chains and 
(cement) ? cess pools fall m one gioup and non-cement chains and absence 
of any system m anothei giouj) as theie ib in the l.xttei case a possibility foi 
the watei to evapoiatc oi to peimeate into the soil 

The data may be i educed to foui conciete questions 
(1) Is theie a chiect con elation between the incidence of infection and a 
p.aiticulai system of diamage? 

The evidence ma\ be looked foi m the families and gioups of the popula- 
tion of each aiea (Table I) In families, the evidence is dnect (as the members 
leside undei unifoim conditions), in gioups, it is indnect 
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The value of a single system of drainage in percentage figures is as the 
following — 

C D , fam , 17, group, 17 9, N S , fam ,9 3, group, 9 2, N C D , fam , 
9 5, gioup, C P , fam , 5, gioup, 10 

The evidence is convincing regaidmg cement dram and absence of any 
Lj'stem 

(2) What combination of systems influences the filaiial situation m a 
dwelling"? 

The evidence of the cases in peicentage figmes is as follows — C D and 
R , 43 (fam ) and 38 (group) , C P and R , 17 (fam ) and 15 7 (group) , C D 
and C P , 14 3 (fam ) and 37 5 (gioup) Figures in other combinations are 
small 

It appeals that the piesence of reservous act in a sense like a mordant and 
the system of cement diains whether singly oi m combination, especiallj” with 
cess pools, determines the seventy of infection both m percentage and in signs 

(3) Is theie a definite oidei of intensity in individual areas on the lines 
of the results obtained"? 

It was not possible to study every area as closely as Bihar owmg to 
questions of facility and time But wherever the evidence is discernible, it is 
noted that the system of cement dram tops the list 

The effect of systems like cess pool and non-cement dram appear to be 
intei changeable Wherever there is a juxta-position of cement dram and cess 
pool, the value of cess pool is intensified 

(4) Is the evidence supported by the signs of filaiiasis"? 

The answer is m the affirmative The situation is discussed under the 
heading C and Table III and the evidence is clearly brought out under the 
Bihar area 

Significance of the evidence I have postulated {vide Introduction) that 
one of the correlated factors which govern an intensive endemic area is the 
presence of urban or suburban population Areas, like the above, usually are 
provided with the different systems of drainage The explanation of that 
assertion may now be looked for m the systems of drainage which freely allow 
C fatigans to breed, more especially cement dram and cess pool 

Incidence in 1 elation to occupation Once the cement dram is accepted 
as one of the prolific sources of breeding of C fatigans and contnbuting laigely 
to human infection, it is obvious that the population residing on that system 
of chainage is exposed to the maximum infection in natme Traders usually 
occupy the front stalls m a thoroughfare and almost m all cases the mam 
thoroughfare is the one place provided with the cement dram system Although 
the endence is supported by the data given under Table III, to a certain extent 
the infection in the tiadmg class alone should be considered of secondary 
importance 
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llibioiy of F baiiciofti in Relation to Diainarje 


The icason is that even well-to-do pcojilc who appaicntly live undci good 
hygienic conditioni^ aie exposed to a ton->idciahlo degice of infection, when 
they neglect to keep then chennaye clean, aa ii e\idenced by the history 

of the family given undci the Bihai aiea 


V Conclusions 


1 That, in an aica whose pin -^logiaphual and physical chaiacteis are 
like those of Bihar and Orissa, the evidence of infettion by F banciofti may 
be consideied fioin the point of \iew of the <legiee ot infection of the inmates 
of dwellings situated on dilTeient stems oi diainagc loi the disposal of house 
watei, the systems being cement diain, ccs" pool, non-cement diain, and 
absence of any system 

2 That, among such systems, a cement diain will piove an offensive 
system fiom the hlaiial \icw-point, if the house watci is allowed to accumulate, 
say foi a peiiod of 8 days 

3 That families and sections of the population lesuling on the cement 
dram sjstcm show a highei peicentage of infection than those icsulmg on othei 
systems 

4 That in the aiea watcicd bj lescnoiis oi aitificial tanks the peicentage 
of infection in the inmates of the dwellings situated on the difTcrent systems is 
proportionately and highly intensified, although theie is no evidence to show 
that the mveitebiate host is bi ceding in lescnoiis oi tanks 

5 That a combination of diainage s> stems in an aiea is moie dangerous 
than a single system 

6 That a \icious combination appeal'' to be that of cement dram with 
cess pool 01 non-cemented dram Cases showing incidence and signs of 
filaiiasis are of more ficquent occuiicnce fiom the dwellings situated on such 
systems, especiallj the first twm 

7 That in the age and sex incidence the peicentage of infection m adult 
males is 22, adolescent males, 10, adult females, 9 6, adolescent females, 7 5 

8 That no class of population is exempt from infection if residing on 
the more injurious systems of drainage fiom the filaiial stand-point 

9 That C fatigam will breed m all the svstems of drainage under wunter 
and summer conditions 

10 That, fiom the view^-pomt of filaiial prophylaxis, the evidence is 
concrete and the first step in prophylaxis is to keep the cement drain and cess 


pool systems in strict sanitaiv oidei 


KoHtV(1930a) 

Idem (iBOb) 
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Among the tiopical diseases that cause the most intense and prolonged 
suffering and misery, guinea-worm disease (Dbacontiasis) occupies a very 
high place 

This disease is endemic all over the Bombay Presidency and manifests 
itself in seasonal epidemics Gujrat, Konkan and the Deccan are piedomi- 
nantly ‘•ubject to its lavages Statistics reveal the fact that on an average 
10 pel tent of the population m the Colaba district is infested with guinea- 
woim disease during the epidemic season, le, from Febiuary to May, the 
climax being in the month of March, which is notorious among those subject 
to the disease on this account 

Taking the aveiage duration of the disease to be thiee months, owing to 
negligence of the soies, the appalling waste of laboui which the disease entails on 
the population can be judged fiom the fact that out of a total population of 1,000, 
theie will be 100 people incapable of following then daily avocations duiing 
the period of gumea-woim prevalence The prolonged incapacity for woik 
seriously adds to the gravity of the situation from an economic point of view 
It IS not unknown, that m some cases, when the disease affects joints and vital 
parts of the body, it assumes a giave aspect and instances aie not raie, when 
sufferers have been ciippled for life and disabled fiom earning their livelihood 
This bungs woeful calamity to the family, if the suffeiei happens to be the 
biead winnei Fiom the statistics recently collected, it is worth while noting 
that affection of all joints reaches 23 3 per cent, that of the ankle being 80 per 
cent of the total joint affections (For percentages of seat of lesions see 
pp 448-449 and Graph 3 ) The high percentage of total joint affections, wffh 
80 per cent involvement of the ankle joint, is appalling, it being the chiei faeioi 

( iio ) 
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lespon&iblc foi ankylosi- oi stilT jomti and othei defounitiC'^ icsulting fiom the 
disease 

Though the life histoiy ol the guinea-uoiiii paiabite luib been successfully 
studied and confanicd long ago by many authoiitiCb buch as Fedtschinko, 
Leipei, Ca&tellani, Liston and otherb, %et, as ha> been iighth lemaiked by 
Hamilton Fan ley, but little attention has ■-o tai been paid by the general 
public, 01 the medical piofession, to the piactical application of this knowledge 
to\\aKL iinenting pioplu lactic incaMiie-' against this scouige, foi which 
dilative ineabUies have but a limited scope ind success 

Vaiious tieatinents, local as well is gcneril, luue piovcd a iniseiable 
failuie E\en diastic measuieb like intia\enous injections of vaiied piepara- 
tions of ai^^cnic used as the ^heet anchoi m tieatment foi Tieponema pallida 
and othei akin paiasitic infections and ol diuga like taitai emetic in 4 pei cent 
solution (jMacfie), togethei with subcutancoub injection ol coiiosive sublimate, 
1 in 1,000 (Emily), and chmosol ( Veton) have not had the desiied eflect 

Injections of alcohol (Foulkcs), opium and ioimahn into the body ot the 
paiasite, lane aLo met with doubtful success Smgical tieatment is the only 
and the best cuiative tieatment, but it has its own limitations accoiding to 
the stage of the disease and is geneialh ■'hunned b^ the lay public in the 
mofussil 

The ideal mcasiue, theiefoie, foi leheving suftciing humanity lies in 
attempts diicctcd tow'aids piophylaxis and this can be aehic\ed, as is univei- 
sally acknowledged but indiffeiently adhcied to, in tw'o w'ays (1) pievention 
of contamination of watei foi human consumption, (2) destiuction of the 
caiiieis of the disease, viz, Cyclops The hist is dependent on (a) impiove- 
ment of watei souices and then propei piotection by means of engineering 
devices, such as coveimg the diaw'-w'ells and piovidmg these w'lth Mayei’s hand 
pump Ol foice pump, and (6) by educative propaganda thiough lantein slide 
demon‘=!tiations, colouied and instinctive posteis, etc , etc 

The fiist way, how^evei, is dependent on the help and co-opeiation of the 
public and involves a seiious monetaiy’- pioblem (vide estimates. Appendix V 
a and b) wdiich the public oi Government can ill-affoid The second w^ay, 
VIZ , destiuction of Cyclops, wmuld be a moie ideal, effective and safei measuie, 
if successfully achieved, as it can be earned out independent of the public 
and would be moie economical 

To meet this end, Col Moiison carried out laboiatoiy expeiiments wuth 
vaiious drugs and observed that lime (CaO) wms the cheapest and most 
effective 

To utilize this cheap, simple and feasible finding, the Director of Public 
Health tapped the resources of the Indian Research Fund Association, wdio 
very kindly ofteied a generous giant of nearly Rs 30,000 to institute fie c 
experiments, to establish the value of ‘ lime disinfection ’ on a large sea e, in 
the mofussil 
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Lines for expeiimentation and obseivation were outlined and the work was 
commenced fiom Eebruaiy 1928 Aftei two months’ touring through the 
distiict to select suitable villages foi experiments, to study the geogiaphical 

Graph la 



Graph showing alkalinity of water of four wells before and after hmmg 


incidence of Cyclops and guinea-worm disease, as well as to lepeat some pie- 
limmary laboratoiy and test expeiiments m the field, actual operations were 
staited m May 1928 

So MMARX OF THE FINDINGS OF EXPERIMENTS AND OBSERVATIONS ON ‘ LIME TREAT- 
MENT ’ IN THE FIELD 

The total number of wells in Panvel and \nllages within a 5 miles radius 
veie 27, — 15 being private pioperty,8Mumcipal and 4 Local Board wells The 
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pin ate \\cll'' wcie avail.ible onlj ioi one tieatmenr. but the Municipal and 
Local Bo'ud welL, numbeiui'' 12 onl>, tould be subjected to lepeatcd peiioclical 
tieatment The folloumg i-, a dc'-ciiption ot GO total luningrf, including 

Gitvi'ii 16 

(ii iph sliowintr OohiMoiir oi COj befort and after liming 
i\o(t — CO 1 liN to zero iimncdiitels alter inning ind agun rises 
lo norm li griduilb m irom 7 to 10 dies 
Note — Foi tointnidue ot eepro'-iori the lull la ahown gradual 
ilthouuh it H sudden in 1 ict 



machine ’ liming as well as ‘ hand ’ liming, done on 27 wells, fiom the last week 
of Decembei 1928, till May ending 1929 — 


Siimmai y of 66 total hvnngs 


Number of Iimmgs 

Dose of lime per gallon 

Number of wells 

53 

One drachm 

28 

5 

Two drachms 

5 

5 

Four drachms 

5 

2 

•r 

Half diachm 

2 

1 

Three drachms 

1 
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The summary and detailed tabulated schedules of liming treatment on the 
12 wells selected for repeated penodical limings are given in Appendix I 

Statistics of gumea-woim eases befoie and after the experiments, in the 
group of villages under experiment and those under control, distinctly prove 
the benefit derived m diminishing the ‘ case-incidence' in experimented villages, 
if not in reducing it wholesale {vide Appendix II) 

Hopes can, therefore, be safely entei tamed for complete eradication of 
the disease in the course of time, if the liming propaganda is reinforced by the 

Graph 2 

Seasonal guinea-worm and Cyclops incidence in rotation 
to the height of water in wells 



1 Represents Cyclops per gallon 

2 Represents height of water in wells in feet 

3 Represents gumea-worm incidence in number 


provision of a peiennial water supply and the hearty co-operation of the people 
both being most important and inetutable adjuvants to any proohvlactie 
propaganda against this scourge 
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Details of the i)ioccbb0-5 of ' machine ’ and ‘ hand ’ Inning and their lespective 
adAantages and dibadvantages togethei uitli a lougli estimate of then cost 
aie given m Appendices IV and Y (n and b) and in estimates given latei in the 
body of tills papei 

Cll OGlCVPlIICtL \M) Sl-\SO\\L, OUIM \-\SOnM INCIDl XCP. 

The "111 \e> ot 3G0 villages in 7 talnkas and 2 pethas ol the Kolaba district, 
instituted by the stall of the Assistant Dnectoi ol Public Health, W R D, 
Nasik, in 1925-20, ie\cals the follow ing figines ol casc-nicidence ’ in each taluka 
and peth.i, m i elation to then lespectue population [vulc Appendix IVl 

The aveiage ol 5 pei cent ‘case-incidence’ is not leliable m toto, because 
although the siinej lasted loi neaily two yeais, eveiy Milage oi taluka could not 
possibl} ha\e been m"iiected dining the eiuilcmn "ea"on, as it should ha\e been, 
to obtain fanl> accuiatc dat i 

To substantiate this, I iiiaj quote the stitistU" of one ot the villages in 
Panvel taluka, taken peisonallj bj me with the aid ol the Tahiti and the 
Glide Inspectoi, dm mg the height ot an epidenue 

Staiistiii, of village Kamotha (Taluka Fanvel) 

Population 295 

Niimbei of houses bO, inleeted 33, le, 55 pei 

cent 

Pei sons infected 51, lo, IS pci cent on total 

population and 27 pei cent 
on 204, the population of 
the mlected houses 


Males 
Females 
Childi en 


Sex injection 


50 pei 
22 

•JmJ I) 


cent 

}} 

)7 


Pi edilection of seat of lesion of 54 cases having 161 woi ms 


Foot 

45 

pel 

cent 

Leg 

34 

77 

77 

Ankle 

6 

77 

77 

Trunk and upper extremities 

15 

7 ? 

77 


85 pel cent low'ei 
extiemities 


The statistics of fom villages undei expeiiment and obseivation taken in 
March 1928 piioi to staitmg experiments aie also interesting and are, as given 
below — ■ 

Population of four villages 2,010 

Number of persons infected 120, i e , 5 8 per cent 

Number of worms m 120 cases 150 
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ISIales 

Females 

Childien 


Sex iiifechon 


47 5 pel 
25 

27 5 „ 


cent 

yy 


Pi edilectton o} seat of lesion of 150 woi ms 
Foot 33 pel cent ] 

Leg 32 ,, „ 

Ankle j> » 

Knee 5 „ „ 

Thigh 3 j, „ 

Tiunk and uppei extiemities 8 „ „ 

Total joint affection 23 „ „ 

Ankle involvement m the total joint 

affection 80 „ „ 


Lowei extremi- 
ties 92 per cent 
(vide Graph 3) 


It 13 the affection of joints which is chiefly responsible foi lifelong incapa- 
citation of the nctims as aheadj" stated Rich or poor, young or old, male 
or female, all aie equally susceptible, some people suffer regularly every year, 
while others escape as a rule, being perhaps immune or non-susceptible to the 
disease The disease does not exempt caste or creed 

The maximum number of guinea-worm cases were obtained m the first 
quarter of the year, the highest being m the month of March In the second 
quarter, the number appreciably dropped, the total number observed being 13 
only, vhile in the thud quartei the number vas noted to be insignificant {vide 
Graph 2) 

A few sporadic cases occurred throughout the year, though it was not 
uncommon to meet with a few epidemic outbieaks, even dm mg the monsoon, 
as m the villages Kamotha and KoUdia 


Geographical and seasonal incidence of Cyclops 
Over five hundred samples of well waters examined revealed the presence 
of Cyclops m cent per cent number A hundred-and-sixty samples of well 
waters, obtamed bj" the courtesy of Mamlatdai Mr Katti, through his village 
officials for studying ‘ Average Alkalmity and Free CO,,’ levealed only 17 per 
cent of ‘ Well Infection,’ which differs strikingly from the cent per cent results 
above alluded to and obtamed from the samples collected personally durmg 
tour mg This is probably explained by the facts that the village officials were 
Ignorant of the habits of the ciustacea met nith, these having a tendency to be 
at the bottom of the wells ^bottom feeders) and that then samples were probably 
taken from near the surface 

Of the four quarters of the year, Cyclops neie found to preponderate in 
the second one, being most marked m number m the month of Alaj (possibly 
owing to concentration of volume of water) and least at the end of October, 
the average number of Cyclops per gallon of vater m each quartei bein“^ as 
under [vide Graph 2) — 
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Qii rrter ind montlis 

Number ot Cyclopi pir' 
g illon 1 

1 

Volume of rvater m 
height 

1st quarter (J m to M vrch) 

20o ^ 

10 to 15 feet 

2ud quartei (Apiil to June) 

JjO 

\ 

0 to 10 „ 

3rd quirter (Julj' to Sept) 

m 

25 to 30 „ 

1th qinrter (Oct to Dec) 

1 1 

15 to 25 „ 


The} declined in nuinbei to an apineciable degiee in Octobei, and multi- 
plying again fiom No\oinbei, leaclied then eliina\ in the month of May {vide 
Giaph 2) It IS not pioposed to suggest tint these tlata regaiding pie\alence 
ot Cyclops aie in an} \\a} definite, as the ob-'Oi vations ^\ele confined to a 
limited numbei of wells and the evimination of watci lioin diffeient places 
was done on dilleient dates of the month, the volume of watei at each 
examination, wdiich goveins this calculation, was also not sciupulously 
lespected 

Local specio’i of Cyclops — Only two species of these Copepoda ■sveie 
obseived, iiz — 

(a) one with long antenn® and nntennules, and 
(5) one with shoit antenn® and antenmiles 

Species {b) wms obseived in expeiimcnts, m vitio, to be capable of infection 
with guinea-woim embiyos, added fiom without, within two oi thiee hours, 
while the species (a) wms not infected foi da}s togethei Both species weie 
found to lemain alive in the laboiatoiy foi ovei a month 

Wheieas doses of CaO as laige as foui diachms pei gallon, in field expeii- 
ments, failed to pi event legeneiation of Cyclops fiom eggs, doses as small as 
ten grains weie found to be effective in laboiatory jais, as no eggs hatched out 
in them foi neaily two months 

The nauphus (laiv® of Cyclops) hatched out fiom the egg when kept 
imdei obseivation, wms seen to develop into an adult ciustacean in fiom six 
to eight days and the intei mediate developmental stages weie loughly obseived 
It would be mteiesting and important to study the bionomics of this ciustacean 
in connection with the pi ophy lactic campaign involving then eiadication 

Fish pioblem — A couple of wells m which a laige numbei of fish weie 
swimming and daiting were found to be entiiely fiee fiom Cyclops This 
natuially gave an impetus to find out if fish might be lesponsible foi absence 
of Cyclops in wells We weie able, by obtaining fish fiom wells thiougli the 
Mamlatdai of Pen, to subject them to experiments 

The following weie the fish obtained fiom wells and various sweet watei 
collections dining the mqnsoon and found to feed on Cyclops, m diffeieii 
degrees, at different ages f^ome of them aie proved mosquito laiv® eateis 
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2000^ NO OF PEOPLE 


Graph showing case incidence on population, sex and 
seat of lesion 


Note — (1) Shows affected population 
6 per cent 

(2) Shows males are the most 

affected, females the least 

(3) Shows lower extremity the most 

affected portion 


[IMALES 


LOWER EXTREMITY 


CHILDREN ; 

FEMALES^ ; 

30 60; 


200^ 10 
= NO affected 


; upperextremity 

i M 8% 


Proportion of affection Proportion of affection 

as regards population as regards sex 

A\ erage for the four villages under experiment 
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(1) Roiiboia damconia — Fee(!s on ‘^uiall ciiist.iceu and mosquito larva, 
though clofeciibcd vcgctanan bj some, eat-j lame m earl> life 

( 2 ) Ilaplochilui, hneatui> puntlun — Suifacc fcedei , eats Cyclop'^ if diiven 
to do so by absouto of othei food 

(3) Ba)bui> phutnmo — Otiuis m blnllow (olleotion» of watei, cat*) Cyclops 
voiaciously 

(4) Polycanthiib cupanub — Can also h\e in biacki^h watoi (Libton), eats 
Cyclopt, mdifleieutly 

(0) Nemochilui, — J3ottom feedci , a moileiate Cyclops, oatei 

The idcntihcation and bionomics ot tlic-'C fi"!! ha\e been loughl}' ascei tamed 
bj mj fuend All D D Snvntha, use, A-'-'i>tant to Piole-'soi of Zoology, 
Feigusson College, Poona, to uhoin I ;im gieutl\ indebted loi the kind help 
voluntaiih advanced 

The above findings sugge-'t an mdejiendent anti \ei\ impoitant pioblem, 
opening a new field foi nne->tigation, cspetialK in lonnection with poncF, which, 
at places, foim the only and tonnnon souice loi 'inimal as well as human 
consumption and which aie icsponsiblc foi the tliscase being obstmatel} 
endemic m such places 

It is nectllesb to sun that it bicedmg such fish m \aiious watei souices 
be succc':=5ful in Cyclops dcstuiction, eiadication ol the gumoa-woim disease 
wmuld be easily achieved, and all the elaboiate, technic il and costly piopaganda 
foi the puijiosc done awmy with 

PHELI^H^ARa EXPERIMEMs 10 DEILUMIKL EllhCl'lVE DOSE OF C 1,0 

Foul teen test-tubes w'cie taken and to each was added — 

(1) 28 c c (1 oz ) filteied and Cyclops-hcc w'atei, liaMng 9 5 grams of 
aIkaIInlt^ pei gallon and 3 2 paits of fiec C0_ pei 100,000 paits, 

(ti) hmc (with 80 pei cent available CaO) m doses vaivmg fiom \ to 
12 giains, 

[ill) five adult Cyclops 

Tubes weie vigoiously 'shaken and w'eic allowed to stand, the lesult being 
closely wmtehed The Cyclops w’cie found dead m all the tubes within half an 
houi, but a's piacticallv all the lime in suspension wms pieeipitated wnthin 15 
minutes and since the Cyclops have a tendency to be at ihc bottom of the 
\essel, it was piesumed that they wmie mechanically buiied undei pieeipitated 
lime and wcie killed bj'- pies«iuie and suffocation 

The test-tube expeiiments wmie theiefoie abandoned and leplaced by 
‘Jar Expel iments’ This, m addition to icmovmg the afoiesaid diaw^backs and 
othei disci epancies, facilitated the e\pei iments, which could be done m a 
gieatei volume of watei (1 pint) to simulate loughly the phenomenon m natuie 
and affoid cleai observation 

Results — ^The Cyclops in the jai containing 10 giams of CaO (80 pei 
cent stiength) weie found dead m ten minutes, those in the jai containing 
5 giains died within 20 minutes, wdnle those in the jais containing 3 and 4 
giams of CaO were obseived to haA'e died wnthm half an houi In the 
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jai containing 1 and 2 grains Cyclops lemained alive foi 40 minutes and in the 
last jai containing ^ grain only, they survived foi three houis 

The expeiiments repeated with CaO of 66 per cent stiength took com- 
paiativelj’- longei time with lespective doses, the minimum peiiod with the 
maximum dose being 15 minutes as opposed to 10 minutes with 10 grains CaO 
in the foimei expeiiment 

Experiments foi testing effects of CaO on othei Ciustacea, etc — Similar 
experiments were tiied on the nauplius (Cyclops laivse) and other water 
animals, viz, Paiainceceuni, Daphnoe and lai\ae of mosquitoes and flies, which 
all perished with 10 grams dose of CaO 

Expenments foi testing effects of CaO on eggs of Cyclops — One ]ai 
containing eggs of Cyclops only and treated with 10 giams of CaO was kept 
under observation No embryos were found developed for over a couple of 
months 

Expenments foi studying the penod of development of Cyclops fiom eggs 
— A jar contairung well-water wrth the mud and deposrt and impregnated 
Cyclops was kept under observation After the eggs were dropped, the Cyclops 
vere filtered off and fresh water free from Cyclops was added to make up the 
quantrty During a week’s time, nauplius and adult Cyclops were seen in the 
jar This gives an approximate peiiod of development of this ciustacean from 
eggs but needs be confirmed by further experiments as it has a direct bearing 
on the frequency with which limmgs should be repeated 

Alkalinity and fiee CO 2 — These were estimated foi each individual well 
before liming to regulate the dose of CaO, and observed every day subsequently 
for a week or ten days, until the well again regained its normal point 

It mav be observed from Graph la that the alkalinity of water treated 
rose immediately after liming to about 4 or 5 times its original amount, dropped 
by about 8 to 10 grams per gallon for the first four days, subsequently 
decreased gradually and eventually going below the oiigmal point, came up 
to normal within a week or ten days 

The free CO, disappeared immediately after liming It made its re- 
appearance on or about the 4th day and steadily rose to its original value bj"^ 
the beginning of second week (vide Graph lb) 

Aveiage alkalinity and fiee CO. — As the alkalinity and free CO of the 
watei to be treated influenced the optimum dose of lime, then respective 
aveiage strength was determined, to facilitate ready calculations, by examining 
160 samples of water, obtained by the courtesy of the Mamlatdar of Panvel 
The maximal alkalinity and free CO. were 31 5 grams per gallon and 25 0 
parts pel 100,000, while the minimal were 1 0 gram per gallon and 0 5 parts 
pel 100,000, the average being 4 8 grains per gallon and 3 2 parts per 100,000 
lespectiveh These value though immaterial for two drachms dosage of 
CaO may hare an important bearing m modifjing the dose, if a larger one 
weie required to be used to ensure destruction of eggs of the Cyclops 
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Aveiaqe bticngth of lime ijoi ai-ailable CaO) — The question of estimating 
the stiength of lime a\ailable on the niaiket i-^ of pnnie importance, as it has 
a diiect beaiing on the inodifuation of the con-'tant do^e deteimined 

It cannot be ovoi looked a^ thcic i-' a mkIc ni.ugin of difteiencc m the 
stiength of anj t\NO gnen sanipie-' of lime and ii i'. ''ubjett to dcteuoiation m 
quality by c\posuie if not piopeiK tinned and c.iiefull\ pie^eived 

A nuinbei of sample-' examined bj titiation iigiin-st N/2S sulphuiic acid 
solution ga^e an aveiage aticiigth of available C'aO langmg fiom CO to 80 pei 
cent The dose nas theicfoie aecoidingK moditied b\ inciea-'ing oi decieasing 
the amount of CaO i^ed, a& neecbaai> 

Fitnebs of luato afto liming with (hijocnl of CuO and legeneiatwn 

of Cyclops — ^Tlie following l^ the doseiiption of bb hming6, including ‘machine’ 
as well as ‘hand’ liming, done on 27 well" Jiom the last week of Decembei 
1928, till IMay ending 1929, with diflcient do-C'. — 


Dose of CnO ill 
drachms per gnllon 

When w tiler was 
potable 

W 1 on C'jdops 
rcgenerited 

One 

3rd div 

Two weeks 

Two 

1th day 

Tluce weeks 

Three 

5fh day 

Four weeks 

Four 

7th day 

Six weeks 


The liming was staited wuth foui diachnis dose of CaO to a gallon of w'ater 
to begin w'lth, the dose liaving been calculated by doubling the laboiatoiy dose 
and allowung for alkalinit} and fice CO_, as wmll as the stiength of lime used 
in lespect to available CaO theiem 

The dose was found most eftective in killing the Cyclops instantaneously, 
the peiiod foi leappeaiance of the ciustacean being ovei six W'^eeks The wxatei, 
how'evei, was found to be unfit foi dunking foi neaily a wmek Attempts w'eie, 
theiefoie, made to asceitaiii the smallest optimum dose in oidei to cuitail the 
peiiod of unfitness of wxatei foi dunking, since this factoi seemed to be of 
paiamount impoitance, owung to gieat scaicity of watei m this distiict, 
especially m the hot season 

The dose was giaduallj i educed to one diachm pei gallon and was foun 
to be equally effective m its immediate lesults, with the advantage that tie 
wmtei was fit foi dunking aftei two days only, although the peuod foi le- 
appeaiance of Cyclops was, as corapaied with the lesults of four diaclims 
dose, much shoitei, le , two weeks Fuithei i eduction to half a diachm dose, 

having pioved ineffective, was discaided 

Attention was, theiefoie, centied on the effects of one diachm dose, wi 
which fifty-tin ee limmgs weie done up to the end of May, the lemaining 
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thirteen hiving been done as shown m the table given m the first section of 
this papei The smallest optimum dose thus detei mined was one diachm of 
CaO (80 pel cent available lime) pei gallon of watei, four limings with which, 
at peiiodical inteivals, befoie the probable peiiod of re-hatching of eggs, has 
been obseived to keep the wells free from Cyclops over two months 

Successive Innings with the said dose piolonged the period of regeneiation 
of Cyclops by one to two weeks each time and some of the wells under 
evpeiiment, tieated at due inteivals (i e , befoie the leappeaiance of Cyclops 
after each liming), liaAe kept free of Cyclops 

Since, even a four drachms dose of CaO fails to be effective on the eggs 
of the crustacean, their regeneration is inevitable, the period depending upon 
the dose used 

Whereas a four diachms dose — ^the maximum used so far — has the advantage 
of prolonging the period of regeneration of Cyclops, it has a serious dis- 
advantage of not allowing the watei to be fit for drinking foi nearly a week 
which the people can ill-affoid to wait foi, owing to great scarcity of water 
and the limited numbei of wells in the villages of tins district 

Chemical analysis of water limed with different doses of CaO — ^The 
Haffkine Institute, Parel, advanced the courtesy of examining samples of 
water limed with different doses, sent to them and the results were as under — 



Total solids j 

Temnorary 

hardness 

Permanent 

hardness 

Shringarpure’s well before hmmg 

56 8 j 

1 

1 25 0 

10 

Shrmgapure’s well after liming 

133-S 

1 1 

' 72*2 

48-0 

Durga well after hmmg 

474 

70 ' 

' Nil 

Virupax well before liming 

66-8 

32 6 

1 

; 

Vinipax well after hmmg 

1 43-6 

S-6 1 

1 

44 

Square well after liming 

j tl5 2 

32 2 j 

48 


All results are expressed m parts per 100,000 The analysis was kindb done at 
the Haffkine Institute, Bombay by favour of the Du^ctor, Majoi LAP 
Anderson, i 


Description and method of use of the ‘Bhco' fire-fighting machine 
The 'Baico’ machine (vide Plate XXIX), which has one suction and two 
dehveiy pipes, is connected to a galvanized tank of the capacity of 70 gallons 
by means of one of the delivery canvas pipes from the engine, the other being 
used as a safety outlet, letting out excess water, to prevent overflow from the 
tank 

The suction power of the engine being 200 gallons per minute, if the engine 
IS worked under 20 to 30 degrees combined vacuum pressure, the tank, hamng 
a capacity of 70 gallons, overflows 
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The ‘^peed of the engine lm>,, theietoie, to be leguhitcd to prevent overflow 
and the engine woiking :vt thi^- latc occupies foity '-econds m pumping out 
70 gallons 

A gallon of petiol is consumed foi each hoiii of the working of the 
machine and the ma\iimmi tune foi woiking m the l^t cpiaitei of the year 
did not exceed 2 houis 

Suction ot the watei fiom the well, its mixing with the lime in the tank 
and the deli\eiv of the lime solution back into tlie well, thiougli a dclnen pipe 
fiom the tank, take plate suniiltaneoush A tin of lime, ic, 35 lb, held in a 
peifoiated chum, which is pnoted on to the tank, takes about half an hour to 
completely dissolve The maximum (piantiU of lime Used loi an aveiage w^ll 
IS 2 to 3 tins in this ‘reason 

The tune foi woiking the engine on .i gnen well is thieflj goveined by 
the quantity of watei, which has to be eiiculated thiough the engine and the 
tank at least once 

The thoiough chuiniiig ol lime and the speed with which tlie woik is 
earned out aie the obvious achantages winch the ‘ Biiico ’ can claim wheneiei 
and whele^el it is possible to make use of it 

Method ot ‘ h\nd' liming 

The pioccss of ‘ hand ’ liming is vci\ simple and niainh diflcis hoin that of 
‘machine’ liming, m c%acuatmg the well b\ manual laboui 

The same galvanized non tank with a peifoiated (hum suspended in it 
IS made use of and the w'atei is diawm b\ twai gangmen bj means of buckets 
This being the case, it is but natuial that it occupies a little moie time than 
machine liming Although the chuinmg is not so thoiough as m machine 
liming, the ultimate lesult is piacticalU the same, with a decided advantage 
in cost and utility in the intciioi, wdieie the ‘ Baico ’ appaiatus cannot be 
conveniently earned 

It takes about 10 to 15 minutes to fill the tank by means of twm buckets, 
each of 2 gallons capacity The estimated dose of lime is then put into the 
peifoiated drum of 5 cubic feet capacity in 2 oi 3 instalments 

The chum is i oiled by tw’o gangmen and the watei is leplenished fiom 
time to time letting out the lime solution into the well The lotations of the 
chum aie fiom 15 to 20 pei minute The operation takes about 40 minutes 
to dissolve one tin of lime, le, 35 lb On an average, twm tins aie lequiiecl 
for a well of 12 feet diameter with 15 feet height of water, i e, containing a 
total volume of 10,697 gallons of water, in the 1st quarter 

From start to finish, the operation takes loughly a couple of houis, 
including adjustment of the appaiatus, etc , if the well is within 100 yaids fiom 

the mam road 
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Comparison op results of ‘ machine ’ and ‘ hand ’ liming 
Advantages of the ‘ Baico ’ apparatus — 

(1) Quicker and gieatei amount of work 

(2) Thorough chinning of lime 

(3) Veiy useful foi woik on a large scale 
Disadvantages — 

(1) Veiy expensive 

(2) Needs a mechanic to work it 

(3) Needs a garage 

(4) Needs a battery to work the Ford engine 

(5) Needs a loiry or a bullock cart to drag it 

(6) Petrol consumption, wear and teai of tubes, tyres, etc 

(7) Inability to take it into the interior and up the hills 

(8) Inability of ‘ Baico ’ to suck up vater below 25 feet depth 

Advantages of ‘ hand ’ liming — 

(1) Almost equal efficiency 

(2) Utility of application in the interior and in the hills wheie ‘ Baico ’ 

cannot be taken 

(3) Veiy economical 

(4) Watei becomes fit foi drinking earlier, owing to eailiei precipita- 

tion of lime 

(5) Apparatus required is cheap and simple and portable 

(6) No recurring or wear and tear expenses 

(7) Saving of initial cost of elaboiate machinery and technical staff 

required to woik it 

(8) No oil, petrol and garage expenses 
Disadvantages — 

(1) Tedious process 

(2) Requires manual labour for pumping out water 

(3) Want of thorough churning of lime (this is immaterial, as tlie 

results are not appieciably affected) 

Only tlnee advantages against eight disadvantages of ‘machine’ liming as 
compared to diametiically opposite latio in the case of ‘ hand’ li mi ng prove the 
distinct inferiority and undesirabihty of the former, especially for this district 

Treatment vuth potassium permanganate 
At the instance of Col F P Mackie, c i e , i m s , Officiating Samtary 
Commissioner with the Goveinment of India, and Secretary, Scientific Advisory 
Boaid, Simla, a few expeiiments with potassium peimanganate were carried out 
with the following result — 

The dose used was two ounces for 1,000 gallons of water being double of 
that used foi destio>mg choleia vibrios Cyclops weie found to have been 

J, MR 7 
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alive foi cut) -loin houi'' Tin-', togctliei witli the fact that the vatei 
lemain^ tinged ftn neatly a week -uul !'> unlit foi dunking, pioces the un&iiit- 
abiliU of tlii-> (hug foi the puipo-e 

Cllicr eVUSE-^ I oil FN’DLMICITV 01' 1)1^1' IN Tills DBIIIICT 

The chief factois ic&poni=ible for the piopagation and peipetuation of the 
disease foi yc.us in this distiict aie as lollou, in oidei ol then inipoitance — 
(0 Iinpuic and inadeciuatc watei supple 
(n) Dilapidated condition of wells 
(ui) Tgnoianec and iliite habits of the people 

The small peiccntage of I ocal Boaid wells in piopoition to the population, 
and the total watci souiccs in the distiict with onl> 30 jiei cent ol them piovichng 
peicnnial supph of watci, suflicientle testifies to the madcciuaee of the w'atei 
piOM^ion The numbci ol Local Bevud wells, m need of icjiaus which, in some 
of the talukas like Alaiigaon, ma\ loini as high a peiccntage as 25 pei cent, is 
too gicat to be ignoied not to speak of the piivate wells ol which as many 
as 44 pci cent may be in need of lepaiis 

As fai as guinea-woim di«ca&c i& conceincd, an entne absence of paiapets, 
Ol the incscnce of defective oi bioken ones, aie fiuitful factois leading to 
pollution and contamination of watei, since such allow the spilt watei to run 
back into the well 

Furtheimoic, w-ant of the cemented plinths aiound the wells and absence 
of 01 defectne cementing of the w'clls fiom w’ltliin, allow' subsoil w'atei to 
peicolate through and contaminate the w'ell watei Thus, the iinpoitance of 
the constiuction and impiovcment of watci souiccs cannot be too niiich 
emphasized 

TFa^e? pioblem — SufRciencv of dunking w'atci is a piimaiy need foi human 
existence The pioblem of puie and sufficient w'atei supply is of pai amount 
impoitance, as nothing has a inoic diiect and vital influence on the health and 
physical well-being of people in tiopical countiies 

Nothing impiessed me moie painfully in my tom in the inteiior of some 
of the talukas of the distiict, than the scaicity of dunking watei In a good 
many places, people weie found dunking muddy w'atei, w'hich w'as unfit foi 
consumption even by cattle In some places, the veiy appearance of the watei 
was lepulsive and a stinking smell actually emanated fioin it This being the 
only watei source, people had no alternative but to clunk it It is an oideal 
which the rural populace has to undergo during every hot season owing to 
drought Some of the waters, if it will not be thought an exaggeration, were 
exactly as Dr Bentley’s assistant rightly described them ‘ Poisonous solution 
of foul organic impurity and a liquid misnamed water' Thus it is evident 
that the scarcity of water m this district m the hot season is one of the most 
potent factois responsible for the endemicity of guinea-W'oiin disease 
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Colaba clistiict is foimed by the naiiow stup of land about 20 miles in 
bicvdth, Ijing between the Western Ghats and the sea It is bounded on the 
North by Thana distiict and on the South by Sataia and Ratnagiri districts, 
the Ghats and the sea being loughly the Eastern and Western boundaries 

The average rainfall is 100 inches and only m exceptional years is it 
below the normal The rainy season usually begins with June and ends with 
October, July and August being the wettest months The district is mostly 
hilly and is intercepted by cieeks It may seem cuiious that in spite of the 
heavy downpour of rams, there should be an acute shortage of drinking water 
throughout the whole district, especially dm mg the hot season, from March to 
IMay 

Owing to its close pioximity to the sea, the lain water immediately 
drains off into the sea There are no rivers to speak of Towns and villages 
are mostly dependent on well water The subsoil water is probably scanty and 
with some exceptions, it is not available m April and May Most of the district 
appears to have a hard trap lock about six or seven feet below the surface, 
thus minimizing the possibility of plentiful underground water The soil is not 
retentive, being composed of sand and clay and the substratum of hard murum 
and rocks causes the water to dram rapidly into the sea 

Brief summarx of conclusions 

1 The efficacy of lime treatment for Cyclops destruction is undeniable 

2 Though the minimum optimum dose of one diachm may need 4 to 6 
repetitions of limings during the season, a larger dose (immediately neutralized 
with COJ may be effective m destroying eggs and preventing regeneration of 
Cyclops 

3 Experiments concentrated on a limited number of wells have a decided 
advantage over those conducted on a large number 

4 As there are only one or two Local Board wells m a village, it was not 
possible as a rule to do more than one well at a time 

5 That ‘ hand ’ liming, besides being as efficacious as ‘ machine ’ liming, 
IS far cheaper and more practicable in the interior and up in the hills Some 
heavily infested villages m this district aie situated right m the interior and 
up the lulls where the ‘ Baico ’ apparatus cannot go 

6 The ‘ machine ’ liming, where practicable, would be desirable for opera- 
tions on a large scale, but the cost would be great The Colaba district is 
unfit for machine operations owing to heavy lams and the awkward situation 
of the wells (m fields) 

7 A large number of villages have ponds which are also used as sources 

of drinking water when wells dry up In some villages ponds are the only 
source for water supply, while m others there are neither veils nor ponds 
dovias and temporary pits being the only sources available ’ 

8 Pota‘«sium permanganate treatment is inefficacious 
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9 Stnngent iiionsiuc'' iigaitiit infection of uells, togefchci witli sufficient 
\\ntei sul)pl^ aiul cdiicntne piopagamhi aniongit the anal as ivell as urban 
population, aie e'-sential adjinants of tiie ^thcine foi its ultimate success 

10 Since guinea-woiin daeasc a ^(aaonal, Inning operations need only be 
done fioin Fcbiuai\ to the end of ^Ia>, to pie\ent contamination of watei 
bj acute c.l^e"^, so that it uould be \cij etonoinical 

All abo\c-mentioned (indings need fuithei e\tensivc obseivations for then 
final eonhi Illation 'ind the fab jnobleni •'hould iecei\e caincst attention of the 
authoiitics as it maj not onh solve the pond (luestion but inaj perhaps replace 
othei inoie elaboiate oi e\pen>i\e piopagaiula 

Bofoie concluding T ha\e to e\piess in} deep '■eiise of giatitude to 
Col F P 'Nlackie, c ii , ims, toi caiefull} scaitmizing my woik at the 
time of his iiaiiection as Officiating Samtaiy Commissionei with the Govern- 
ment of India, and making \aluable suggestions loi ticing the ‘hand’ liming 
pioce«& and the eflects of pota''-iiiin peimanganate, as also foi gi anting three 
months’ extension foi the woik, in spite ot gieat financial stiingcncy in the 
budget of the Indian Hcscaitli Fund Association I eriuall} owe thanks to 
Col Zyloiison, IMS, foi hacing plated confidence in me to woik out his scheme 
piacticall} in the field thanks aie also due to the Diiectoi of Public Health 

foi his invaluable suggestions fiom time to tunc I owe no less to the Diiectoi, 
Haftkinc Institute, Paid, Iifi Kikeii, the S D 0, P AV D, Colaba, Assistant 
Dncetoi of Public Health, W R D, Nasik, Assistant Piofessoi D D Samarth 
and i\Ie«sis 0 R Sluingaipuic, D Guptc and the jMamlatdai of Panvel 

wuth his staft foi thou incaluable help and co-opciation m then lespective 
sphei es 

]\Iy special thank‘d aie due to Mi iMandhck, E\-Sheiift of Bombay, who 
veiy kindly peimittcd me to cam out expeiiment'^ in his Inam village and 
spontaneous!} offciccl ccciy assistance needed 
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Villages kepi jVillages nuclei 
as control | experiment 
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Ai’n.NDiv If 


Incnlciuc of (juinca-woi in (itbCb bcfuio and ajtci cipcnincnts 



liH'Oia 1 M'latMl NT, 

1928 

\l-TH{l\I'f IlIMtNT, 

1929 

Rem irks 


AI II ill 

( \pnl 

Total 

AI ircli 

Vpril 

'lotal 

Vo\ Ic 

.V2 

' 11 

1 

()3 

20 

0 

20 

55 5 per cent re- 
duction 

Ivnuclei ill il 

U 


31 

All 

2(> 

26 

21*2 per cent re- 
duction 

Pcndliai 

12 

Nil 

12 

' 7 

1 

S 

15 


Kaloniboli 

23 

1 

21 

1 

1() 

10 

26 



Al'l'INDlX III 


Statement Aiowuuj fjeogiapincal intidciuc of (jiiinca-woi in cases pei taluka in 

villages inspected 


A'umber 

1 

1 

A’anie of 
' talukas 

1 

ARirubei of 

X illagcs in 

uJiicli guiuea- 
w 01 in surx'cy 
was made j 

1 

1 

Population of 
the Mllagea 

A^uniber of per- 
sons suffering 
iioni guinei- 
uorin clisease 

Percentage of 
persons suffer- 
' mg from tlie 
’ disease on 

the population 
inspected 

1 

1 

r 

' 2 

1 

] 

3 

1 

5 

6 

1 

1 

Mahad 

90 

18,972 

3,008 

6 

2 

Panvel 

31 

15,002 

447 

2 

3 

Roha 

1 

' 24,363 

1,003 

1 * 

4 

4 

Mangaon j 

' 57 

24,354 

932 

' 3 

5 

1 Uian Petha 

25 

18,372 

1,451 

7 

6 

Khalapur ) 

' 13 

3,954 

203 

5 

7 

Allbag 

11 

3,465 

121 

3 

1 

8 

Ifaijat 

4 

928 

60 

7 

9 

Pen 

68 

28,319 

2,126 

9 


Total 

1 

1 

360 

i 

' 167,729 

9,350 

46 
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Appendix IV 

ComiHinson of ‘hand’ and ‘machine’ liming Cost of the material and staff 

Expenditure on ‘machine’ liming Rs As P Expenditure on ‘hand’ liming 

Petrol consumption for ‘ Baico ’ for one well 
for one hour, i e , for two hours, two 
gallons at Re 1-4 per gallon 2 8 0 

Do for Vanette to take the ‘ Baico ’ to 
the scene of operation 0 10 0 

Totvl 3 2 0 Nil 

Oil, wear and tear of tubes and other 
accessories foi both 16 0 Nil 

Establishment 

Pay of mechamc per day at Rs 3 
Pa^ of cleaner per day at Re 1 
Pay of two gangmen each per day at As 12 

Total 10 0 0 

Foi one well for one treatment 10 0 0 Rs 9-0-0 for si\ limings at Re 1-8-0 

For 6 limmgs for the season as under 60 0 0 for each liming 

2 hmmgs m February, 2 in March, 1 m 
April and 1 in May 

Cost of lime for each liming requmng two Rs 15-0-0 chunam charges for 6 

tins at Re 1-4 each 2 8 0 hmmgs at Rs 2-8-0 for 2 tins at 

For 6 limmgs 15 0 0 Re 1-4-0 per tin 

Total 75 0 0 Rs 24-0-0 

‘ Mae/tme ’ liming • Hand ’ liming 

Cost of Ford Vanette, with its accessories 3,000 0 0 
Cost of ‘ Baico ’ apparatus 4,141 0 0 Nil 

Insurance charges for the unit 150 0 0 

Gah anized tank with canvas delii eiy 
pipes and their wear and tear 260 0 0 Rs 260 

Two delneij pipes and one connecting hose 

complete with coiiplmg, etc 210 0 0 Rs 210 


Re 1-8-0 for two gangmen for each 
liming at the rate of As 12 each 


Total 


7,761 0 0 


Rs 470 
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Estimate foi const) ucfinq a well and fnuuj pumps jo) a village having 

population of 1,000 

(Rcfcicnco P W D Handbook) 

Foi const) utlinq a well 

Es 

Cost of constructing a uoll 12 icct diimctor h.vMng stone niisonry including 

excavation m earth, haul miinim uid hoiil(lci->, rock, puing outside, etc 1,400 

For fixmy up pump'! 

Es 

Covering the same uith reinforced toneiete coier "Id) o\ei lollcd steel joints, etc, 
complete including pro\iding a manhole ami coloring the s.\mc with cast 
iron covers 270 

For a village ha\ing a population of 1,000 and liking the niter consumption at 
12 gallons per head the total iinount of natci lequiicd would be 12,000 gallons 
per day One Mayci’s pump cm pump out (600 X S = 1,S00) per day taking 

that the pump will be woiking foi S hoiiis m i daj' 

120 

Number oj pumps lequvcd would therefo)c be = 3 

4S 

Cost of pioviding and fixing Mayer’s double acting foico pump at Es 100 each 

Total 

Providing platform for keeping vessels and fixing pipe line as lequiied, etc, complete 

GRAND TOTAL 

t 

^ote — Pumps go out of order veiy often and have to be lepaired every now and 
then and hence the annual lecuiiing expondituie may be taken at Es 75 


1,970 

40 

2,010 


per annum 
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Appendix Yh 

A more elaboiate and expensive watei supply scheme joi a jaiily big village 
or a small town Population 2,500 (Refeience P W D Handbook) 

Population 2,500 

Rs 

Cost of constructing and co\ enng the well is the same as before, i e , 

(Rs 1,400 + Rs 270) =1,670 

As before, taking 12 gallons as the consumption per head, the total quantity required 

would be 30,000 gallons per day 

30,000 X 10 X 55 25 

B H P required = = — , 

33,000 X 4S0 24 

le a pumping plant of 2 horse power will be required 
Imtial cost of the installation 3,000 

Cost of constructmg an engine house 1,500 

Cost of constructmg a water tanlv of capacity 12,000 gallons in reinforced concrete 2,000 

Total 8,170 


VTorkiiig e-^penses at Rs 6 per day mcluding pay of driver and lubrication od, etc, 

complete, per year 2,160 

Depreciation, repairs and interest on capital at 10} per cent of the cost of the plant 315 

Depreciation on masonry works and mterest on the capital outlay at Rs 8 280 


Annual total EVPENDrruRE 2,755 


Note — ^In such installation it is advisable and also necessary to haam a stand-by 
pumping set capable of doing the same amount of work for emergency 



Explvxvtiox or PiAin XXIX 

Descuption of tiic disinlccting ‘ Baico ’ iippaiatU5- dming opciation on a 
well — 

A ‘ Baico ’ appniatus 
B Foul Vanottc Tiactoi 
C Galvanized Tank 

D Peifoiated dium suspended in the Tank 
E Suction pipe of the ‘ Baico ’ 

F Connecting pipe to the Tank 
G Dehveiy pipes fiom the Tank 
H Well 
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Historical and general 

Sida coidifolia oi ‘Bala’ is consideied to be one of the most valuable 
diugs m the Ayuivedic oi Hindu medicine and has been laigely used by the 
Hindu physicians from very ancient times In the Mohammedan medicine 
it was used foi its aphrodisiac effects As no woik on scientific lines has been 
done on this diug ve made a systematic study of its chemical composition and 
medicinal piopeities 

The genus Sida belongs to the natmal oidei Malvacece and plants belong- 
ing to this gioup aie known in Sanskrit by the general name ' Bala ’ Theie aie 
some seven or eight species but the Sanskiit wiiteis make mention of five 
species of ‘ Bala ’ undei the name ‘ Pancha Bala ’ 

1 B&\n—Sida coidtfolia (Linn H F B 1 , 324, Ro\b 517) ‘Biela’or 

‘ Swet Berela ’ 

2 Mahabala— Bida ihombifoha Syn Sida onentalis Rhombodia (Ro\b 

H F B 1 , 324, Ro\b 517) 

3 Nagbala— Sida spinosa, Linn S\n S alba, S abmfoba Ro\b 516 

‘ Pila ’ or ‘ Peet Beiela,’ ‘ Bon Methi ’ [Beng ) ’ 
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4 Atibala— 8u/a ihombijoha, Lmn II F B 1,1, 324, Ro\b 517, ‘Lai 

Bailin' 01 ‘Beiela' 

5 Rajbala — Sida plninijibika, Sida inpiinijoha, Linn H F B I, 323, 

Syn 8 iwutii, S liwceolata, Ro\i) 517, Vein ‘Pila’ or ‘Pit 

Bciela ' 

Theic IS nnotbci species kno%%n to the Sanskiit uiitois called ‘ Bhumibala' 
— Sida hu))nlit,, \\)\k\ JI F B I, I 322, Ro\b 5lb, 01 Sida i'eionicifoha 

Of those species, tlie fust one, vi^ , Sida ioidifolia oi ‘ Sicet bciela’ is the 
subject of oui picsent investigation 

Sida coidijoha, Linn (also known as S hcibacca, Micans and Rotundifohay 
Cav , S althmjoha, Swait/,), known in Engli-'h -is countiv mallow, is a small 
heib which glows tluoiigiiout the plain> ol India wlieic the climate is damp 
It IS known b\ the name ol 'Bata,’ ‘ Batijalakn' m San»kiit, ‘ Kungyee of 
Khaieti oi Baiiai ’ in Hindi, and ' Bt eta oi Baida,’ 'Bala oi Swet Beiela’ 
in Bengalee The ‘^eeds aie called Beejbund 

It IS distiibutcd tluoughout tiopicai and Nub-tiupieal India and Ceylon 
glowing wild along the loacLide m the villages It la a peienmal undeisimib 
with long blanches, looting at the nodes witii scatteied atellate bans The 
leaves aie coidate, oblong, obtuse, uenate and veiv downv on both suifaces 
The petioles aie as laigc as the leaf, the stipules aio lincai measuung nearly 
half the length of the petiole The peduncles occui ncai the tlowei, the lower 
one IS distant and is longei than tlie petioles, »ukI the uppei one is veiy shoit 
The flow'eis aie small and white and appeal dm mg tiic lamv season m all 
species The loot of the diftcicnt species ot sida aic 2 to 5 inches long, about 
4 inch in diametei and the stock is woodj and fibious The baik is of a light 
yellowush blown coloui If piopeily cultivated, tlie jilant may giow as big as 
hemp 01 jute plant and pioduces a stiong fibie 


Uses IN THn INDIGENOUS MCDlCINn 

The loots, leaves and seeds aic all used in medicine and havm a slightly 
bitteiish taste The lOots of all the species aic legaidecl as cooling, astiingent, 
stomachic and tonic An infu'^ion made fiora them is given m neivmus and 
urmaiy diseases and also m clisoideis of the blood and bile They aie consi- 
deied aiomatie bitteis having febiifiige, demulcent and diiuetic piopeities 
The seeds aie consicleiecl to be aplirochsiac and aie used m gonoiihcea, cystitis 
and are also given foi colic and tenesmus The leaves aie used in ophthalmia 
The loot juice is used foi healing wounds, the juice of the wdiole plant is also 
used in rheumatism and speimatoulioea Made into a paste w'lth juice of 
palmyia tree it is applied locally in elephantiasis A decoction of the lOot 
and gingei is given m inteimittent and othei feveis attended with shivering fits 
The loot balk powdei is given with milk and sugai in peisons suffeiing fiom 
fiequent mictuiition and leucoiihcea In many neivous diseases, e g , hemiplegia, 
facial paialysis, headache, etc , the loot is used eithei by itself oi m combination 
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with asafcetidi and lock salt It may be given inteinally and an oil called 
‘ Balataila’ piepaied fioin a stiong decoction of the diug mixed with milk and 
sesame oil is used as external application 

Besides the above medicinal piopeities, the plant has got a great commercial 
importance on account of the fine white fibre it yields The cellulose content of 
this fibie IS 83 pei cent as against 75 pei cent in ]ute and in the opinion of 
many expeits no fibie of modem times affords bettei hopes of success than 
sida as a substitute foi flax 

Chemical examination 

Sida cwdifoha was analysed many yeais ago (1890) and was said to 
contain ‘ aspaiagoi’ A peiusal of the literatuie shows that no detailed oi 
systematic study of the natuie of the chemical constituents present m the plant 
has been carried out The diug was analysed m the Department of Chemistry 
by Di Sudhamoy Gliosh and ]\Ii Ashutosh Dutt and the following is a summary 
of the work, details of which vill appear m a sepaiate paper The an -dried 
mateiial was seemed locally and was identified by Prof E N Ghosh, md, as 
Sida cordijolia, Linn (Biela) The whole plant (including leaves, seeds, stems 
and roots) uas used in the piesent investigation 

A preliminary examination showed the presence of alkaloids and a quanti- 
tative estimation shoved their occuiience to the extent of 0 085 per cent of 
the vhole plant as an average of 5 analyses The seeds were found to contain 
about 4 times more alkaloid than either the stems, loots or leaves 

A systematic examination of the drug by extraction with different solvents 
showed the presence of the following (1) fatty oil, phytosterol, etc , (2) lesins 
and resin acids , (3) alkaloids There were no glucosides or tannins The alkaloid 
was isolated by extracting about 120 kilograms of the coarsely powdered 
material repeatedlv vith rectified spirit The alcohol was recovered under 
reduced pressure and the residue repeatedly taken up with dilute hydrochloiic 
acid The acid aqueous extract was then fieed from oily matter, made 
alkaline with ammonia and the alkaloid extracted with chloroform The crude 
alkaloid thus obtained was purified by a series of long and tedious processes 
until the substance was obtained in a crystalhne condition The hydrochloride 
vas obtained as colourless needles freely soluble m water but sparingly soluble 
in absolute alcohol The yield wms only about 2 grammes 

Pharmacological action of the sida alkaloid 
External action 

The alkaloid has no uritant action on the intact skin When applied 
to the mucous membrane it produces well-marked vaso-constriction Injections 
of 1 to 2 pel cent solutions in the thigh muscles of a cat do not produce any 
marked congestion, oedema oi neeiosis at the site of mjection Instillation of 
a 1 per cent solution into the conjunctiva produces no anssthesia of the cornea 
but slight dilatation of the pupil is observed 
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The alkaloid ha^ a diitinet action on tlie undiltcientiatcd piotoplasin 
Tlic paianuccia aie killed ininiediateh in I in 100 'solution, in 1 m 1,000 
holution the\ aie killed in It iniiuiteb, in I in 2,000 ''Olution in 5^ minutes, 
and in 1 in 5,000 bolution in 14 ininutcb 

Du/Vitive sytslem 

The movement'' of the small intcbtmc in 6itii aie maikcdly inhibited 
by intiavenoiis injection ol the alkaloid Oiaph 1, c, sho\so this eftect 
veiy cleailv The tone of the mu'^tle i-i deci eased and theie is geneially 
a complete cessation of intc'jtinal movements which lasts foi 1 to 2 hours 
Admimstiation of pilocaipine aftei the alkaloid ie\i\es the peiistalsis, 
and pituitim and baiium chloiide pioduce thou usual eflects The seat of 
action, thciefoic, is not the \agal nei\e endings, noi the in\oluntaiy muscle 
libies but m all plobablllt^ the sMiipathctit none endings Pci fusion of 
isolated pieces of the intestine with 1 in 50,000 of the alkaloid in Pleisch 
solution liaMng a pH of 7 2 pioduccs a maikcd inhibition of the movements 
(Giaph 1, /) A cuiious fact noticed is that \ci\ small doses, such as 
1/20 mg, while the\ mav pioduce little oi no ellect on tlie blood-piessuie 
terapoiaiily inciease the tone and nio\ement& of the intestine (Giaph 1, c), 
possibly due to tiansient stimulation of \agal endings Injections of sida 
alkaloid aftei a dose of pilocaipine onlj paitly iemo\e the eAect of pilocaipine 
fiom the gut (Giaph 2, a) This is piobabh due to stimulation of the 
sympathetic bv sida alkaloid outbalancing the pilocaipine action on the vagus 

The effects on the intestinal volume aic depicted in Giaph 1, a It wall 
be seen that theie is at fiist a slight i eduction in volume followed by a slight 
mciease 

All these e\peiiments show' that the action of the new' alkaloid on the gut 
closely lesembles a sympathomimetic base such as cphediine The only 
diffeience noticed is that to a gieatei oi lessei extent it lemoves the effects of 
pilocarpine on the intestine wdieieas according to Chen and Schmidt ephediine 
has no such action The initial constricting effect of the alkaloid on the vessels 
IS shown by a piehminaiy decrease of the intestinal volume, but it is soon 
compensated for by a passive dilatation produced by the pow'eiful action of 
the heart 

Cxicidatoiy system 

Action on hlood-pi essw e — Giaph 1, d, shows the effect produced by the 
alkaloid on the blood-piessuie taken from the carotid aiteiy of a cat A sharp 
and a well-maiked use is produced lasting fiom 10 to 20 minutes, even half an 
hour m some animals In almost every experiment theie is a use of about 
20 to 40 mm of meicuiy and in moie sensitive animals as much as 70 oi 
80 mm of mercury This rise is produced m the decerebrated animals 
(Graph 1, a) and after the section of the vagi oi admimstiation of ati opine 
Besides this pilocaipine produces its usual effect before oi after the adminis- 
tration of sida alkaloid All these experiments tend to show that neither the 
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centie in the medulla noi the peupheial vagal mechanism aie conceined m tins 
effect 

On the othei hand the piessoi effects pi educed by the ding aie consideiably 
1 educed aftei sufficiently large doses of nicotine aie given to paralyse the 
ganglion cells on the couise of the sympathetic If the vasomotor nerve 
endmgs aie paialysed by lepeated injections of small doses of ergotoxine, 
admmistiation of sida alkaloid pi educes no rise of blood-pressuie The pressor 
action, theiefore, appeals to be chiefly pi educed by stimulation of the sympa- 
thetic A lemaikable fact observed was that with very small doses such as 
1/40 01 1/20 mg theie was no use of blood-piessuie but in some cases actually 
a fall vas obseived CGiaph 1, b) This phenomena has also been observed m 
case of adrenaline 

Myocm diog} aph and canhometei expeninents — Injections of small doses 
of sida alkaloid (0 5 to 2 0 mg ) pioduce marked acceleration of the heart beat 
The force and fiequency of the beats aie decidedly increased, both the auricles 
and the ventiicles being affected (Giaph 3, a) Frequently the ventricles after 
mitral stimulation show slight dilatation which is more evident with larger 
doses This dilatation is no doubt due to increased peripheral resistance 
produced by constriction of the peripheial vessels Aftei repeated and increas- 
ing doses of the alkaloid the foice of contraction of both the auricles and 
ventricles appears to be decreased and the auircles show thrs effect earlier than 
the ventricles 

The volume of the heart as recorded by the cardiometer shows transitory 
reduction followed by a slight increase 

Isolated heait — Hearts of kittens and rabbits weie perfused m the usual 
manner through the aorta vath oxygenated Locke’s solution having a pH of 
7 2 and a temperatme of 37 5°C In dilutions of 1 m 500,000 to 1 m 1,000,000, 
sida alkaloid produced a definite and well-maiked increase m the force and 
frequency of the beats m veiy much the same way as powerful sympathomimetic 
bases such as adrenaline and ephedime A perusal of Graph 2, c and d, will 
show that the effect produced by the sida alkaloid closely resembled that of 
ephedrme m similar dilutions That the action of this alkaloid was of 
sympathetic origin was shown by the fact that it was greatly decreased after 
the heart was perfused with ergotoxme, and that it remained unaltered after 
atropine It was further obseived that when the heart was beating irregularly 
after repeated injections of atropine or after toxic doses of drugs which act 
on the myocardium, admmistiation of this alkaloid made the heart beats regular 
and more powerful Perfusion of an isolated heart with 1 — 40,000 dilutions 
of the sida alkaloid increased the coronary flow by about 30 per cent Similar 
effects are produced by ephedrme 

Acton on the myocardium— It was observed that after repeated injections 
of large doses of sida alkaloid m an intact animal whose blood-pressure was 
being recoided, the systemic pressure instead of rising showed a fall of a short 
duration If at this stage an injection of adrenaline was given, the usual use 
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of biood-jMO'^bUie nab pioduccd and incotinc .ilso pioduced its usual action In 
mjocaidiogiaph cxpcnnicnts al-'O the foicc of contiaction of both the auricles 
and the \entncdes was deeioa-^ed aftei lepcated huge dose-,, but injections of 
adicnalinc pioduccd tiic usual stimulation Isolated hearts of kittens after 
lepeatcd pei fusion with 1—20,000 oi 1 — 10,000 solutions of bida alkaloid showed 
weakening but an injection of adienahne at this stage pioduccd the usual accele- 
lation All these expeinnents suppoit the \ieu that in huge doses at any rate, 
the alkaloid has. a diiccb dcincbsing action on the injocaidiuin 

The cllects pioduccd on the tiiculatoiy system aie not appreciably altered 
if the aniinalb lie dcceicbiated, thus showing that the centicb in the medulla 
aie not iinohed The cftcctb albo icniain unalteied it the \agal endings aie 
pie\iou<:l} paialjscd with ati opine Aftei {)aial}sing the sjnipathetic teiminals, 
howe\ei, with icpeatcd doscs ot eigotoxine, the sida alkaloid m small doses 
pioduced little oi no mcica‘-c m the foice of the heait beat and no use of 
blood-piessuic whatc\ei Thi-, bliows the alkaloid in small doses has no 
stimulant action on the myocaidium 

Blood vcbi^els — Snnill doses ot the alkaloid weic injected directly into one 
of the blanches of the inesenteiic aitei}, going to a selected loop of the gut 
whose volume w’as being lecoided bj an oncoinctei Theie w'as a maiked 
deciease in the volume indicating constiiction of the blood \esscls (Giapli 2, e) 
Fuithei, if the inesenteiic vessels wcie pei fused with noinial saline and the 
volume of the outgoing fluid was iccoided addition of the alkaloid markedly 
deci eased the outflow' of fluid showing that the vessels w'cie constiicted If, 
how'eiei, the pci fusion was done aftei sufficient doses of eigotoxine had been 
given to paialj'se the vasomotoi neive endings, this constiiction wxas absent 
These expeinnents show that the alkaloid acted mainly on the vasomotor 
neive endings Injections of vaiying doses up to 2 mg of the alkaloid into 
the geneial cii dilation mci eased the limb volume (Giaph 2, h) Also injections 
of 0 2 mg of the alkaloid duectly into the femoial arteiy of the limb wdiicli 
had been put in a suitable oncomctei, showed a slight inciease in the volume 
(Giaph 2, /) It would appeal fiom these expeiinients that the dilatation of 
the vessels ivas paitially active 

The volume of the kidney and the spleen shows a use coiiespondmg to 
the use of blood-piessuie (Giaph 1, b, e) 

Respoatoiy system 

The effect on the lespiiatoiy system was studied by obseiving the intia- 
tiacheal and intraplemal piessmes, and both these showed a well-maiked 
dilatation of the bionchioles It will be seen that the inti ati acheal piessuie 
falls and the intiapleuial piessuie uses aftei the alkaloid (Giaph 3, b) After 
administration of pilocarpine the action of the alkaloid on the bronchial 
muscles is intensified in much the same way as ephediine 

The effect of the alkaloid on the nasal mucous membrane was observed 
in chloralosed cats, the technique described by King and Pak being employed 
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An intravenous injection of sida alkaloid as well as its local application of its 
solution produced a marked constriction of the nasal mucous membrane 
(Giaph 1, d) such as is pioduced by the sympathomimetic bases such as 
adienaline and ephediine 


Genito-ui mm y system 

The alkaloid produced a definite increase in the kidney volume (Giaph 1, e), 
accompanied by an inciease in the mine secretion 

The "non-piegnant uterus tn situ in the cat was relaxed by intravenous 
injections of the alkaloid (Giaph 2, b) The isolated non-pregnant and viigin 
uteiii of labbits suspended in Fleisch’s solution at a pH of 7 2 showed a well- 
marked increase in the tone in dilutions of 1 m 50,000 of the alkaloid 
(Graph 2, g) In oidei to see if the effect was due to stimulation of the 
s\mpathetic, sufficient doses of ergotoxine were added to the uterine bath There 
was no contraction 


Discussion 

A study of the expeiimental data given above is sufficient to show that the 
most important effects pioduced by sida alkaloid are a well-marked and 
peisistent rise of blood-pressuie, a marked inhibition of the tone and move- 
ments of the intestines, and a relaxation of the bionchial musculatuie These 
are the common effects produced by all sympathomimetic bases such as 
adrenaline, ephedrine, etc A careful peiusal of the effects produced on other 
tissues further bears out this action It is also clear that the action is not so 
powerful as adienaline but bears close resemblance to that of ephedrine, the 
alkaloid obtained from E vidgans Further, we have seen that the melting 
point, specific rotation, the platinic and gold chloride tests, the molecular weight 
detei minations and the bmiet reaction were approximately the same as those 
of ephediine The filtrate from the crystalline hydiochlonde contained some 
more alkaloid which did not ciystallize out but which fiom its phaimacological 
reactions appealed to be a mixture of ephedrine and one or more of its isomers 
Unfortunately owing to the alkaloid content of S coidtfoha being very small 
sufficient quantities could not be isolated to enable the chemists to work out 
fully its chemical constitution This is now being done by the Department of 
Chemistry but m the mean time a comparative study of the effects of this 
alkaloid and othei sympathomimetic bases, such as ephedrine, pseudo-ephedrine 
and adrenaline on the animals tissue, shows that with the exception of a few 
minor details, which may possibly be attributed to impurities, the action of 
sida alkaloid approximates more closely to ephedrine than other bases 

Sida alkaloid acts mainly on the sympathetic nerve endings but it appears 
to have some effect on the sympathetic ganglia The musculature of the heart 
and the blood vessels is slightly affected if at all This alkaloid and ephedrine 
pioduce almost identical effects on the circulatory, gastro-mtestmal, respiratory 
and genito-urmaiy systems In case of the heart the only variation is that 
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aftei eigotoxine, this alkaloid instead of pioducing slight depiession ot the 
inyocaidium as is the case with ephediine, produces eithei no action whatever 
01 a slight tendenc> to stimulation, which is seen in case of pseudo-ephediine 
Ephediine also has no action on the plain muscles of the blood vessels while 
sida alkaloid has been shoun to have a weak action A similaiity in the action 
of sida alkaloid and ephediine is also bi ought out m then action on the 
splanchnic and peiipheial vessels On the gastio-intestmal tiact though sida 
allcaloid has an ephediine-like action, it was noticed that it slowly removes 
the efiect of pilocaipine on the gut, while it has been shown by Chen and 
Schmidt that ephedrme has no such action 

The most inteiesting finding of this investigation is the piesence of sympa- 
thomimetic alkaloids in plants of widely diveigent natuie Ephedia vulgaris 
from which ephediine is obtained belongs to the gymnospeims and Sida cordifoha 
belongs to the angiospeims, two entiiely different divisions of the vegetable 
kingdom 

Stjmmaey and conclusion 

1 The active pimciple of Sida coidifolia (Biela) is an alkaloid with 
well-maiked sympathomimetic action A detailed study of the pharmacological 
action of this alkaloid on vaiious tissues and oigans shows that its action 
closely lesembles ephediine 

2 Fmthei work on the chemistiy of this alkaloid is m hand with a view 
to deteimine if the alkaloid is ephedrme oi a closely allied compound 
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Em’LVVVIIOV 01 PlATE XXX 
(CJiapil 1 ) 

a jMale cat, 2,SS0 gs , dcceiobiatcd Intestinal \olinne and carotid blood- 
pi essuie, the \eitical line lepic-'Onts tcntimetic scale 2 ing of sicla 
alkaloid pioduccs lapid and peisiotent use of blood-pi essuie and 
incicase of intestiinl \oIiiinc 

h j\Iale cat, 2,560 gs , chloialosc 1/20 ing of sida alkaloid into the femoral 
vein pioduces fall of blood-pie-'snie and incieasc of spleen volume 
c Female cat, 2,100 gs , chloialose Intestinal movement m situ Upstioke 
contiaction and downstioke lelaxation 1/20 mg of sida alkaloid 
pioduces mcicase of musculai tone and intestinal movements 
d Female cat, 2,100 gs , chloialose 0 5 mg of sida alkaloid mtravenouslj 
pioduces maikcd contiaction of the nasal mucous mcmbiane 
e Female cat, 2,380 gs , dcceiebiated 0 25 mg of sida alkaloid pioduces 
iiiciease of kidney A'olurac and blood-pi essuie and inhibits intestinal 
movements m situ 

i Pei fusion of isolated cat’s intestine Note the decieasc of intestinal move- 
ments and tone by 1 in 50,000 of sida alkaloid 



Plate XXX 
(Graph 1 ) 






ExI’LVN V1I0\* OI PlA'lF XXXI 
(Gi.iph 2) 

a !Male cat, 2,140 gs , chloialo'^e Intestinal ino\einents in situ and blood- 
picssuic 0 5 nig ol iiilocaipine was fust injetted and latei 1 0 mg 
of sida alkaloid The cllect of iiilocaipine on the gut is paitly 
1 en•lo^ ed 

6 Female cat, non-piegnant, chioialo^e 1 mg of sida alkaloid piodiices 
tempoiaij inhibition of uteiine contiactions in situ 

c — d Peifu'Jion of isolated heait of kitten 1 m 500,000 of sida alkaloid and 
ephediine pioduce a maiked stimulation of the fiequency, foice and 
amplitude of the beats Ups.tioke diastole and dounstioke s^stole 

e Male cat, 2,160 g^ , chloialosc Injection of 0 2 mg of sida alkaloid into 
the mesenteiic aiteiy pioduces a maiked deciease m the intestinal 
volume (uppci tiacing) 

/ ]\Iale cat, 2,110 gs , chloialosc Iipcction of 0 2 mg of sida alkaloid into 
the femoial aiteiv pioduces a maiked mcicasc of the limb aolume 
(uppei tiacmg) 

g Isolated labbit’s uteius 1 in 50,000 of sida alkaloid pioduces a maiked 
mciease of tone 

h Male cat, 2,080 gs , chloialosc 2 mg of sida alkaloid into the femoial 
vein pioduces incicase in the limb volume and the blood-piessuie 



FhUTm XXXI 
(Graph 2 ) 





E\1>L\.NMI0X 01 PlAlL XXXII 
(Giaph 3 ) 

a Male cat, 2,100 gs , chloialosc The iippei tiacing auuculai and the lower 
ventiiculai movements Upstiokc diastole and downstioke systole 
2 mg of sida alkaloid into the fomoial vein piodiice mciease of foice 
and fiequency of the boat The lato was inci cased by 35 pei cent 
b Male cat, 1,700 gs , chloialosc 0 75 mg ot sida alkaloid pioduces dilata- 
tion of the bionchioles 



Plaic XXXIl 
(Giaph 3 ) 




A PE^Y ATYPICAL CASES OP MYCETOMA 


BY 

A VASUDEVAN, m b , b ? , 
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Depaitment of Bacteriology 
{From the Medical College, Madias ) 

[Received for publication, May 17, 1930 1 

The following cases of mycetoma aie desciibed because we think that they 
are peculiar m type and in situation 

(1) Specimen No 1-P Section No 3083 (Plate XXXIII, fig 1, and 
Plate XXXIV, figs 1 and 2) 

It IS a mass lemoved fiom the sacrum of a Hindu male aged 20 years 
and of about 10 years’ duiation The only available information regarding 
the case is from the surgeon’s notes, which aie as follows ‘A partly cystic 
and paitly solid giowth situated over the lower end of the sacrum with 
extensive pi elongations distally into the glutseal region The growth was very 
adheient to the skin but was easily mobilized with the deep fascia from the 
deepei stiuctures There was one laige cyst about the size of a laige lemon 
and many smaller ones of varying sizes Some of these ruptured on detaching 
and a duty grumous fluid containing a large number of hard black granules 
escaped As far as could be seen the giowth was completely removed ’ 

Naked eye appearances — 

The giowth consists of an elongated mass of round cysts held together 
bj connective tissue The cyst at the top of the specimen is somewhat smallei 
than a lime and the others, six in numbei, are of the size of a marble each 
On section, the cyst wall consists, externally of a dark tissue (the connective 
tissue holding them together) and internally of a yellowish brovn material 
uhich lines the mteiioi to a varying depth — that in the lowest cjst being very 

( ) 
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abundant almost filiim; the (a\it\ [•Imbedded m tins ocluoid material aie 
seen daik gimpowdei-like gianulcb — the hnn^al masses 

j\IiciO''Copical ajipemance-' — 

The -eetion --hows i dense fibioiN w.iil lined by a masg of giamilation 
tissue eousistmg ot \oung (apillane", pol\ moi phonucleai leucocytes, small 
lound cells, phi'^ma celb fibiobla'^ts, .ind endothelial cells containing daik 
blown pigment Intel nal to ths /one, aie -een daik blown masses of fungi 
embedded m a mass ol poh moi phonucleai leutoijtes The fungal mass 
appeals stiuctuiele-'s md the hjph.e .ue not distinct 

To the naked e\e the giaiuiles ippe u as daik gnttj giinpowdei-like 
masses On ti eating tlie-c with cau-'tn potash, the inyceha iiia} be easily 
“^epaiated and studied The lungiis -eon to be compo-ed ot segments 9 5/1 
to 10l‘ long and 3/i to 3 ojt bioad The w.ill is distinct and iii'ide the pioto- 
olasm aie seen inteicalaiy '•poic-> The lujilue show dichotomous blanching 
Hcie and theic, spcciallj towaids the ends ot the hjplue, the segments aie 
bioad and exiianded into spade-hke bulgings 

(2) 8peciineii Vo 3-7'’ Scition Vo 30 tl (Plate XXXTII, fig 2, and 

Plate XXXIV, figs 3 to b) 

This IS a mass icmoved liom the sole of the loot Unfoitimatcly theie is 
no liistoi} available except that ‘ It is a tumoiii of the >'Olc ot the foot with 
ciaik gianulos Incised b} a baibei and septic glands giom aie picsent’ 

Naked eye appeal ances — 

The specimen consists of thice ^phciical masses The one on the left is 
slightly laigci than a maible with a distinct capsule containing a wdiitish 
mateiial m the middle ot which aie embedded daik giitt} gianules The othei 
mass is similai to the foimei in '•ize and appeal ance The thud is a siinilai 
mass but smallei m size 

Micioscopical appeal ances — 

The section shows a dense fibious capsule containing daikly staining masses 
of fungi of vaiying sizes embedded m a mass ot cluonic inflammatoiy gianula- 
tion tissue These masses aic daik biowm m coloiii and stiiictuieless These 
aie suiiounded by poh inoi phonucleai leucocytes and fibious tissue The tissue 
inteivenmg between these masses is composed of connective tissue fibies, plasma 
ceils, small lound cells and endothelial cells, some ot them containing daik 
blown pigment Laigc multinucleated giant cells aie also seen in numbeis 

The fungus consists of blanching segmented hypai wnth wmll-defined walls 
containing gianules The segments aie about 12/ito 13/1 long and 3/ito 3 5/f 
bioad Some of these segments, specially the teiminal ones, aie iiiegulaily 
bioad and expanded 

(3) Specimen No 4-P Section No 3029 (Plate XXXIII, fig 3, and 

Plate XXXV, figs 1 to 4) 

The specimen is a mass icmoved fiom the doisum of the foot Unfoi- 
tunately veiy little clinical histoiy is available except that the patient was an 
adult male aged about 35 yeais and a native of Ramnad distiict It was o 
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4 yeais' diiiation and was excised foi as a fibroma and sent with the following 
desciiption ‘ a lobulated tumoui haid to feel and containing brownish fluid 
with daik gianules in it and lecuiied aftei opeiation'’ 

Naked eje appeal ances — 

The section sliows a dense fibious capsule lined by chionic inflammatory 
gianulation tissue composed of capillaiies, fibroblasts, plasma cells, and endo- 
thelial cells Inside are seen daik blown fungal masses whose margins are 
daikei than the centie In the central poitions aie seen segmented and 
blanched h}ph£e These masses aie smiounded by polymoiphonucleai leuco- 
cytes and a cleai homogeneous exudation 

The fungus consists of bianclnng segmented h^phie with well-defined walls 
and mteicalaiy spoies The segments aie 12 5/<to 13/<long and 3 /i to 3 5/f 
bioad Bioad spade-like expansion of some of the segments are seen m laige 
numbeis, especially the teiminal ones 

(4) Specimen No A Section No 8025 (Plate XXXVI, figs 1 to 4) 

The specimen is an amputated foot fiom a gaidenei aged about 40 yeais 
and the condition was of foui yeais’ duiation 
Naked e 3 e appearances — 

The specimen consists of the foot and the ankle joint The joint is 
swollen and all lound it aie seen numerous sinuses dischaiging pus and wdnte 
gianules Theie aie also a few sinuses on the foot The gianules aie small, 
somewhat laigei than a pin-head, soft and pale cieam in colom and the 
dischaige has a heavy fishj smell On section small aieas of suppuiation of 
the size of a pin-head aie seen all ovei, speciallj in the peiiaiticular ligaments 
and the connective tissues The ligaments are degeneiate and disoiganized 
The taisal bones lie canons and show' laige aieas of 'suppuiation 
Micioscopical appeal ances — 

The section show's chiomc mflammatoiy gianulation tissue wuth aieas of 
suppmation in which aie seen masses of fungi These fungal masses consist 
ef thin hjphae densely pack m the centie wuth “club-shaped piocesses at the 
peiipheij , having the ‘ lav-fungus ’ appeaiance ” The clubs aie Giam-negative 
w'hile the Inphie are Gi ara-positive Both the clubs and the hj'phffi aie 
model atelj acid-fast, being decolomised by 20 pei cent sulphuiic acid but 
lesists 5 pel cent acid 

The fungus consists of thin blanching han-hke hjphie l/i to 1 5 /< thick, 
theie being no diffeientiation betw'een the wxall and the piotoplasm 

\ttemptb at cultuiing the oigamsm both seiobicalh and anieiobically 
weie unsuccessful 

(5) Specimen No B Section No 9061 (Plate XXXIII, fig 4) 

The specimen w is taken horn the doisum of the foot of a Hindu female 
It was a cii cunisci ibed <^umoui of the size of a lime 
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A Few Ahfpical Cases of Mycetoma 


Naked eye appeal. ince-, — 

The speeimcu i-- an o\al ina-s ot the -.i/e of a lime At one pait the 
skin of the foot I'j idheient to it On ''Cttion it is ot a pale bliii&h white colour 
and nuineiou', \ellowibh blown eimilai aieab ot tlie bi/e ot a spht pea are 
seen scatteied all ovei it Ileie .ind theie .ne leddi-^h \asciilai aieas It has 
a distinct c.ipbUle and ib film in i onsi'^tency 

Miciobcopieal appeal am e^' — 

The "eetion showb thionit intlannnatoi} 'jiaiuilation tibbuc with aieas of 
suppuiation in which aie nia'"'es of lunyi The filamentb of the fungi are 
densely packed in the centie but aie cleailj "ecu at the peiiphciy These aie 
vci\ thin and haii-hke, non-^eginented but bianciicd The\ me Giam-positive 
but not acid-fast 


fb) Spc( linen iVo C Section Ko 9332 

Naked eye appeal antc-^ — 

The specimen consists of the toot and ankle All lound the ankle joint 
me numeious sinuses in which aie -een tin} white gi mules The foot is fiee 
of sinuses 

Alicioscopical appeal anoeb — 

The section consists ot chionic intlaininatoi} gianulation tissue wuth aieas 
of suppuiation in wdiich me seen in.isses of tungi These consist ot a central 
network of liaii-like filaments .ind club-shaped processes ladiating fioin the 
peiipheiy, typical ot the ‘ia}-tungus’ Aiound these me polymoiphonucleai 
leucocytes, and }Oung blood \essels Beyond is fibious tissue infiltiatecl with 
plasma cells and round cells 

(7) Specimen No 2-P Section No 3079 

The specimen was tiom the knee-joint of a young man of 19 yeais It 
was a tumoiii of the size of .in oiange below^ and to the outer side of the knee 
containing brown thick fluid and black sandy granules The base was adherent 
to the capsule and the synovial incmbianc The specimen consists of a portion 
of the synovial membiane in wdiich me embedded numeious dark inky granules 

Microscopical appearances — 

The section shows a dense fibious lamina wuth chronic inflammatory 
granulation tissue in which aie seen numeious brown masses of fungi All 
aiound are seen numeious lound cells, plasma cells, and large multi nucleated 
giant cells The fungus is of the maduiomycotic variety and has the same 
appearances as the previous ones The terminal spade-like expansions are 
also clearly seen 


Discussion 

The points of special interest m these cases are the peculiar situations 
and the appearances of these lesions The most common site for mycetoma is 
the sole of the foot and occasionally the dorsum But situations like the knee 
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loint and the gluteal legion aie ceitainly unusual though in the lattei place 
othei fungi than the jSIaduioinyces have been desciibed Again, usually one 
associates with the teim ‘ mycetoma ’ chionic mflammatoiy lesions riddled with 
sinuses in which aie seen fungal masses But localized spherical capsulated 
tumoms, such as some of the above, aie we think veiy unusual One should 
not be suipiised at the appearance of the lesions, foi the fibious tissue response 
on the pait of the tissue to the chronic inflammation results in a dense capsule — 
an attempt at limiting the spiead of the disease Another point of interest is 
the presence of the spade-like expansions of some of the hyphsel segments 
Are these evidences of degeneiation of the fungi mcaiceiated in a hostile soil 
trying to limit its spiead and if possible to destroy it? We have seen such 
expansions only in human lesions but not m cultures Again two of the above 
cases are caused by the ‘ i ay-fungus,’ piobably N bovis Human infections 
by this fungus are not met with commonly m South India, but one should be on 
the look out for them 

We are indebted to the Radiologist, Government General Hospital, Madras, 
for photographs of the specimens 
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Fig 1 — Specimen No 1-P {Natural ’^ize ) 










ExPL^NmoN or Plvtc XXXV 
Fig 1 Photo of specimen No 4-P 
„ 2 Miciophoto of section (No 3029) fiom specimen No 4-P 
(a) Fibious nail (b) Gianulation tissue (c) Fungus 
„ 3 Highei magnification of fungal mass m same section, slioning the 
filaments 

„ 4 Miciophoto of anothei pait of same section 









Expl vn moN or Pl m’j: XXXVI 
Fig 1 Photo of 'specimen No A 
„ 2 Photo showing cut siuiacc of specimen No A 
Figs 3 and 4 Aliciopliotos of sections (N'o 8025) fiom specimen No A 
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Appections of the heait aie met with much less often m tiopical and 
subtiopical countiies than in tempeiate regions, the diffeience being largely 
accounted foi by the larity of iheumatic fever in the foimei This fevex 
piobably vanes in incidence and type m diffeient paits of the tiopics In 
textbooks of Tiopical Medicine it xeceives little 01 no attention Stitt (1929) 
states that it caused 71 deaths m Calcutta m 1911 and that m the same year 
theie weie 614 cases lepoited m the Gold Coast He also points out that in 
the l\ttei colony the admissions foi valvulai disease of the heait weie not as 
many as the numbei of cases of iheumatic fevei would lead to expect Syphilis, 
vliicli IS often inadequately tieated, plays an impoitant pait in the causation 
of caidiac and vasculai disease in waim countries and infections endemic in 
tiopical countiies aie occasionally lesponsible for heait lesions 

The obseivations lecoided 111 this papei are published for the purpose of 
diawuip attention to the occmience of acquired heart disease among the 
mh ibitants of the Punjab and to the value of certain modem methods m its 
diagnosis and prognosis Thnty-fiAm cases aie dealt with, 31 of whom weie 
tieited 111 0111 waids in the IMayo Hospital, Lahoie, during the period fioni 
Ibt October, 1929, to the 30th April, 1930 These made up 5 6 per cent of the 
total admissions to 0111 wards during the same period It is probable that 
cardiac disease is more common m the province than this figure indicates as 
the poorer classes, to which the majonty of our patients belonged, do not usually 
seek treatment for chionic conditions unless then activities aie =;enouslv 

(183) 
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II edit Disca.sc with Ref o nice to Mittal Stenosis 

hainjieicd C'hionio ho.'nt (Ii^cm-'L* tlioiofoie, oiten e^c ipcs attention until cora- 
pcnbution eoinpk'toh , oi aliniHl ( oinjjletol) , bioken down Ten individuals 
with initial di^ea-'C weie admitted loi toiuiitions otliei than Icnons of the heart, 
the lattei being loiind in the <otn^e of the loutine examination All patients 
weie le^idcnts oi the Punjab aiul all but one wcie Indians The exception was 
an -Vnglo-Indi.in who h.id h\ed the gicatci ji.iit ot his life in the piovince 
The eases aic di\ided into two gioups, tho-e with definite signs of valvular 
di-ease and tho-'C in whom no such surn-, coiikl be detected Then distribution 
aecoi cling to iges and to the conditions di.ignosed is given m a table Methods 
ot cximination ineluded A'-ia\s and clcttiocaidiogiaplu Onh one case came 
to autojisN (No 2, Oioiij) I) Oui hosj)ital jiatients aie iisiialh leinoced to 
then homes hy then lelitncs when death is imminent and in any case post- 
moitcm cxamin itioiis aie not oiten pcimitted Anothei detect m the anal}sis 
IS the absence of bacteiiological data, the obtaining ot which was not teasible 

dioup ! (A'o (Ictei tabic valvuUu disease) 

Tlieic aie 11 cases m this gioup, 9 m des and 2 females All had sjinptoms 
of ra>ocaidinl insulTiciency, m/ , pain, thspnccM, cyanosis, palpitation, or 



Fig 1 — ^Patient No 5, Gioiip I Auiiciilai fibiillation Low 

voltage 
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chronic passive congestion, and in some there was relative incompetence of the 
mitial valve No 8 came undei observation a week after having had a severe 
attack of substeinal pain which ladiated down both arms and was accompanied 
by vomiting and collapse No 3 sought lelief from pain of a severe nature 
which was veiy peisistent and ladiated round the left side of the chest to the 
back The pain was undimmished by nitiites, morphia alone having any 
effect In both these patients the symptoms lesembled those of cardiac infarc- 
tion and theie weie maiked electiocaidiogiaplnc abnoimahties {vide infra) 
No 5, whose amides were fibiillating, dated his disability from an attack of 
plague eleven yeais ago In twm patients the Wassermann reaction was strongly 
positive and one of these had a fairly large aneurysm of the descending aorta 
It IS likely that syphilis was a causative factor m some of the others ako 
Thus No 2 wdiose W R was negative gave a clear histoiy of having had this 
disease Cowan and Faulds (1929) state that the W R is positive in only 
75 per cent of patients in the tertiary stage, the period at which most syphilitic 
heart cases are seen 

The information obtained from the electrocardiogram in Group I shows 
the importance of this method of evamination in patients with symptoms 
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Fig 2 — Patient No 3, Group I Right bundle branch block 


suggestne of defective myocardium In 7 cases includmg the patients with 
auricular fibrillation (Fig 1) it gave definite evidence of myocardial disease 
In No 3 (Fig 2) the cmves indicated a block of the right branch of the 
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uinciilo-\eiitn( iilai bmullc .uul ni 2 aiul 10 J .ind 1) an ‘inha- 

\ontntulai ’ l)l()(k In Nn 2 a lame aniuu-’in ut the a{)ical put of tlio left 
aentntle wa- loiind po^i-inoiteni In Xo b (I'l'j; ,1) tlitu ua- notching and 
bioulening oi the 1! \\a\e in le id III and iinei-ion ol tlit T ua\t in the ftaine 
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Fig 3 — PUicnl No 2, Gioup I ‘ Inti i\ cntiiciil u block’ 


lead In No 8 (Fig (j) the T wave was cuived and dipped in leads 11 and 
III and the Q \\a^c was pioinincnt in lead III The toiiuei is a common 
featiiie in cases of coionaiy thioinbosis and the lattei was found by Levine 
(1929) to be of fiequent occuiiencc in the same condition The Q wave was 
pi eminent m leads II and III in patient No 7 and m lead III m No 9 
(Fig 7) We found a piominent Q w^ave m lead III in twm othei subjects, 
not included in the piesent senes, in wdiom tlieie weie symptoms of myocaidJti 
insufficiency In geneial the i espouse to tieatment in this gioup wms pool, 
paiticulaily m the case of patienU with electiocaidiogiaphic signs of seveie 
myocaidial involvement 


Gioup II {Valvulm disease) 

Twenty-foui patients, 18 males and 6 females, piesented evidence of 
valvulai lesions and in all but one (No 1) the initial valve w^as a eo e 
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This exception was a case of uncomplicated aoitic legmgitation In four indivi- 
duals aoitic leguigitation was associated with mitral disease in three with 
stenosis and in one vitli incompetence In the lemammg 19 the mitral valve 
alone was involved 3 had signs of mitial leguigitation, 3 (including the case of 




Fig 4 — Patient No 10, Group I ‘ Intiaventiicular block’ 


auiiculai fibi illation) had signs of ‘double mitial’ disease and 13 had signs of 
mitral stenosis In 19 patients, therefoie, theie was evidence of nan owing of 
the mitral orifice A well-marked apical diastolic murmur, sometimes accom- 
panied by a tin ill, was heard m eleven of these In 4, including the case of 
auriculai fibi illation, this muimui did not extend into the last part of diastole 
In 7 it occupied either the whole of diastole or existed only during piesystole 
In either event the piesystolic bruit was crescendo in character and terminated 
abruptly at the beginning of systole Occasionally it was mtermittent In 
3 cases a faint lumble could be heard m late diastole after exertion only and 
with the patient in the left lateral position A blovang systolic murmur locahzed 
at the apex or just inside it accompanied the diastolic bruit in slx patients In 
3 of these, Nos 11, 14 and 15, the diastolic murmur developed sometime after 
the systolic In five indmduals honeaer a localized apical systolic murmur 
alone could be detected In these a diagnosis of mitral stenosis was made 
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puth lioin the cliiiijutei 'iml l»)c* ili/..ition of the iminnui and the qualitj of 
the fii't sound and puth iioin the A’-ia> appe u incti oi the heait Cookson 
(1029) has (ii lun attention to the iieqiient ih'Ciuc ot dia-jtohc mnimuis in 
initial sttnosI■^ .iml to the \alne ol V-ia\.s ni the diaitno'is ot tins condition 
The feituu's ot dnmnostn nniuntanee ait tnlait'Oinent ot the left ainiclc and 
IMOinineiue of the pu!numai\ ut(i\ Skiaqianis ueie taken in the light 
anteiioi oblique uicl inteio-jiusteiioi position' In tin loiniei enlaigeinent of 
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Fiu 5 — P.iticiil No 6, Ciioiip I T wave haicib' notice ible in 
leads I and II ind invoited in lend III R w i\e notched and 
QRS complex bioidened in lead III 

the amides is levealed by then encioachment on the letiocaidiac space 
between the heait and the veitebial column, the left amide being above and tie 
light below (Plate XXXVIII, figs 1 and 2) In the anteio-posteiioi view maiked 
enlaigement of the left amide causes a bulging on the left side of^tlie caidiac 
shadow at the uppei end of the left ventiiculai boidei (Plate XXXIX, fig 
A prominent pulmonaiy aiteiy gives use to an accentuation of the cuive ® 
this point When the lattei featuie is associated with enlaigement of ® 
ventricle the left boidei of the heait shadow becomes a stiaight line ( e 

XXXI A. fig 4) Cookson points out that a loimded mass of glands in 
posteiioi mediastinum may lesemble enlaiged left amide in the light an eiio 
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oblique position and that a visible descending aoita and an enlaiged loot shadow 
may be mistaken foi a piominent pulmonaij aiteiy in the anteio-posterioi 
position It IS possible, hoveiei, to eliminate these conditions by noting the 



Fig 6 — Patient No S Group I T wave curved and dipped 
m leads II and III QRS complex wide and low m lead II 
Piomment Q wave in lead III 


eliant, position and outline of the shadows and b> taking the other signs and 
sMuptoms into account ^Ye are of opinion that this method of examination 
IS otgieat assistance m the diagnosis of mitral stenosis with equivocal signs 
The Wasseimann leaction was stiongly positive in the patient with puie 
aoitic feguigitation and m the ease wnth both aoitic and mitral incompetence 
It was negative m all the otheis Five cases of mitial disease came under 
treatment with subacute multiple aithritis and 13 gave a history of having suf- 
feied fiom painful swollen joints Syphilis, gonorihoea and othei specific causes 
of joint disease weie excluded as far as possible From obseivation of patients 
m the senes dealt with heie, as w^ell as of others, we have come to the conclusion 
that in the Punjab lesions of the heait, especially of the mitial valve, often 
beai an setiological lelationship to a disease which m ceitain lespects resembles 
the rheumatic fevei of tempei ate climates We have seen tins disease in persons 
Without anv signs of heait involvement as well as in patients with such signs 
It shows a strong tendency to relapse One indmdual (No 14), who was in 
hospital on two occasions, was admitted first with multiple arthritis and no 
indication of heait disease and 5ubsec[uenth , two months latei, with a second 

J, MR Q 



490 


Ih'int II itli lit'/i'i riK t‘ to Mifial Sfniosis 


attack ol uthnti-> and definite "ii^ns oi a initial lesion Some patients gave 
i InstoiN ol Inuing "Utleied iioiii ilieiiniatic attacks foi jeais It ^vlll be 
noticed that the aveiage ai^e ol jiatiem-^ with initial steno-'is ua> lelatnelylow 
and ioi the lea^on alieadv m\en it is piobahle that in some of them the valve 
had been atiected a toiisideiable time bcfoie the\ came undei notice Unhealthy 
tonsils weie found in two cascs sufieiimg iiom joint disease alone but tonsillec- 
tomy had no influence on the touise ol the illness The aithiitis vanes in 
se\ciitv Soinetiinos the attack siaits abiuptly and the tempciatuie rises to 
102° Ol 103°F wheie it lemaiiis loi two oi tluce chus (Plate XXXVII, fig 1) 
The joints ue punlul and tendei ind s\no\ial efiusioiis .ippe.u Vhcn the 



Fig 7 — Patient No 9, Gioup I T wave small and inveited in 
leads I and II, absent in lead III Q wave pionunent m lead 111 


teinpeiatuie i etui ns to noimal the condition of tlie lomts impioves bub lej 
may lemam moie oi less swollen and painful toi a long time In the 
of cases the onset is giadual, theie is little fevei, which may last only a 
so, and haidly any aiticulai swelling (Plate XXXVII, fig 2) The 
knees and wiists seemed to be the joints most commonly attacked, t ie 
frequency being the small joints of the hands and feets and the e , 

almost all the joints of the body may be painful AVe have o seive 
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Fig 1 — Temperature chart of a severe case of multiple arthritis 


VayofDis 


Tune 




■■■—■—■■■■■■■— ■ 

wmnmuKmuummmmmnm 

■■■■■■■■■■■»■■■■»■■ 





IQlIHReiJ 






Fig 2— Temperature chart of a moderate case of mulbple arthritis 
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stiftness and pam m the neck m two patients Especially m the more acute 
cases one oi two 3 omts aie fiist affected, otheis becoming involved a clay oi 
tvo latei The disease usually leaves behind a ceitain degiee of stiffness due 
to changes m the aiticulai and pie-aiticulai tissues The lesponse to salicylates 
IS not as maiked as in the case of the iheumatic fevei of tempeiate climates 
In fact this chug did not seem to have any effect at all on some of the moie 




Fig S — Patient IS o 1 Gioup II Aortic legurgilation Left sided preponderance Insertion 
of T wue in leads II and III R \\a\e notched m lead III 


ehionic cases Rheumatic nodule^ weie not piesent in anc of the patients seen 
b> us 1101 ueie tlieie any «Mnptoni<; of choica of the ca«es of mitinl 

disease, m whom no liiston of painful joints uas obtained, lesembled tlio«e in 
whom lahadai Ic-ions ueie associated with aitliiitis and weie piobablj of the 
same natuie In shoit, disease of the initial lahc ui these patients would seem 
to be often a manifestation of an infection, geneialh subacute oi chronic in 
iiatme, iihicli like iheumatic feiei niai aftect the lieait or the joints oi both 
together Whethei it is actually a aauety of rheumatic fever it is difficult to 
sa^ but it IS obMOush an analogous condition It is possible that it uas also 
the cause of the aoitic disease in patients Nos 8, 13 and 19 
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Some t‘\i)l.uuaK)ii 1- lu'ulnl ol ili( hut tli.it tlii> (ondition tciul< to 
pioflucc nanouinjf i.illiu than iiu o'lipfttiK c oi the initi.il \ul\e In the 
abbcnco ot po'>t-inoi teni .uid b.K tiiioloi^u.d e\id(.iKe it i" unpo'"'iblo to gne 
.1 definite oinnion on tin- pond lloidei ( l‘J2()), di-tii— ing the lel.ition of mitral 
IcMona to iheuin.itie te\ei, point- out th.it while the t%pe t.i-e of initMl legurgi- 
tatioii is the .idult in.ui who lui- h.id i -e\eie but -ingle .itt.ick of .icute iheuina- 
tisin in 111- teen-, .iiid while ‘double niiti.d’ ili-e.i-e i- to be looked foi in the 
child Ol \oung adult who ha- h.id lepe.ited .itt.iek- ot iheuin.itism, laigely 
subacute, in in.inv t.ise- of miti.il -teno-i- tlieie i- no liiatoiy ol iheiiniatisni 


i 


•vjmmrn 



J 





Fig 9 — Patient No 3, Gioup II Auiiiulai libiill.ilion llcut i do confioliccl by digitalis 
Right sided picpondci nice R w i\o in Ic id III hioidencd md dnidcn 


at all This is not to be t.aken to mean that these cases aic ncccssaiilj'' o 
non-iheuinatic origin, but lathci that the pioccss giving use to stenosis is 
chionic scleiosmg one having none of the cliaiacteis of typical ilieuiiiatic 
A slow disease process in the initial valve analogous to that in the joints o 
some of 0111 patients ivould be expected to lead to a giadual mfiltiation an^ 
fusion of the cusps and naiiowing of the ouficc i.athci than to the destine iv 
type of lesion causing incompetence 
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In the second gioiip the electiocauhogiams levealed myocaidial involvement 
in hio casc^ In No 1 (Fig S) the T wa^c i\as inveitcd in leads 11 and 111 
ind thcie Mas notching of the R viic in lead III In No 3 (Fig 9 in 
addition to eMdence of auiiciilai fibiillation theic v^as widening and notching 
of the R wave in lead HI 

In ceitain cases of initial stenosis with doubtful signs an enlaiged and 
notched P vaae, indicating auiiculai hjpeitiophv, pointed to the nature of the 
lesion, e g , in case No 21 fFig 10) 



p,(T 10 ^Pitient Xo 21 Group II Mitnl stenosis ■nithout diastolic murmur 

P ware enlaiged and notched 


Of the 6 leinale cases in this gioup thiee (Nos 15, 17, and 21) had puie 
mitial stenosis, one (No 4) puie mitial legurgitation, one (No 24) ‘double 
initial’ disease and one (No 19) mitial stenosis and aortic legmgitation The 
fitt that the a i-t niijoiiU of mitial case-^ weie males does not admit of the 
condusion that in this piovincc mitial disease is iiioie common among males 
than imong females as compaiatueh fcM females seek admission to the medical 
Maids of the hospital 
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Slmm\u\ 

1 An anahsi:? is gi\en ul 35 tu-ca ul hcait diacaac ocuiuing among 
inhabitanta ol the Punjab 

2 In 11 patient", 9 niale^ and 2 lemalo", tlieie weie inaiked ajmptoms of 
injocaidial inaunieienc\ uitli no c\ulente of \al\ulai di"caae In 7 of these 
including a caae of auiiculai (ibi illation the eleitiocaidiogiain gave evidence 
of invoheiiient ot the hcait inU"cle 

3 In 21 iiatient", IS male" and b leinalc" \al\ulai disease was picsent 
One ot the"e wa" a case ot "\philitie aoitic di"ea"C In all the others the 
initial \ahe wa" allotted One had aoitit and initial intoinpetence, thiee aoitic 
intoiniietenee and initial "teno"i" thiee initiiil ineoinpetenee, tluee (including a 
patient with auiieuhu fibiillationl ‘double initiar di"ea"e and thiiteen initial 
steno"i" 

1 The iinpoitaiiee ot A-i.i\" in the thagnosis ot nntial stenosis is 
illu"tiatcd 

5 A de"eiiption i" gi\cn ot i toim ot multiple aitluitis usuallj subacute 
01 ehionie in natuie which octui" among the"e [latients uul its lelatioii to 
\alvulai disea"e ot the heait, e"peciall\ initial "tenO"is, i" discussed 

The electioeaidiogiaius weie taken b\ Di D L blui\asta\a, dsc, to 
wdioin oui best tliank" ue due We .ue aNo indebted to Di B S Bhandaii, 
oui House PhvMcian, foi a"si"taiue duimg the iin cstigation 

llEl-EREXCI's 

CooKbO^ (1929) Lantcl, I, p 1311 

Cow .111(1 F\uiU" (1929) Bnl Mttl Juiii , II, p 285 

IIouDi u ( 1926) Ibid , I p 603 

LrviM (1929) Mtdtcim, VIII, p 215 

Stitt (1929) Tiopicil Disc.ises,' p 653 




EM'LWMIUS OI PlAlF XXXIX 

Fig 3 Patient No 19, Ciioup 2, initial ateiiosia and aoitio legiiigitation 
iMaikcd enlaigcincnt of left ainicle 

„ 4 Patient No 8, Giouj) 2, initial bteno'is aiul aoitic leguigitation 
Stuuglit left boidci due to inonnnent pulinoiuny aitery and 
enlaigcd left \entiitle Hoot shadows inaikcd 



Platp XXXIX 
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Showino di>,t)ibutioii of casei> cilcohIiikj to age and disease 



1 



■Ace in vriBS 



Totil I 







DiSE-ISE 

NUMBER j 

1 

1 

1—10 1 

11—20 

I 21—30 1 

31—40 1 

j 

41—50 

51—60 

61—70 

Gioup I 

11 i 

) 

5 

2 

1 

2 

3 

3 


Group II — 

Aortic regurgi- 
tation 

i 

1 i 

i 

1 

i 

i 

1 

1 


f 

1 




kortic regurgi- 
tation and 

mitral regur- 
gitation 

1 1 

1 

} 

1 



I 

1 

, 1 

1 


•Aortic leguigi- 
tation and 

mitril steno- 

3 i 

1 

1 

2 


t 

1 

1 



SIS 

t 

i 




j 



Iilitral stenosis 

1 

i 1 

6 

1 

2 

1 

1 


‘Double niitial ’ 

3 

1 1 


2 


1 



disease 


i 




1 



Mitral legurgi- 
tation 

3 

i 

! 


1 

1 

1 

5 

1 



SUMMVRY OF CASES 
Groii/) I (Xo dctectible \ iihr disease ) 

CfliC 1 — S, male, 25 Admitted ou 24-8-29 with signs of congestue heart fiiliiie, viz, 
orthopnoea, oedema, cardiac li\er, ascites and left sided pleural eSusion Contracted syphilis 
one year ago, not treated Modeiate addiction to alcohol Heart dilated Soft sjstohc 
murmur in the nutial and tricuspid aieas Second aoitic and pulmonary sounds weak 
Blood-pressure 140/115 W R strongly positne Treated specifically foi syphilis 

and sMnptoraaticallv for the cardiac condition Dischaiged on 3-10-29 No dropsy Liver 

noiiiial size Blood-pressiire 125/80 No murmur IT R -1 Electrocardiogram 

shoved left preponderance 

Case 2— Fig 3 G S, male, 50 Admitted on the night of 22-10-29 with caidiac asthma 
This vas his first attack Had lerer for 4 days and cough foi 5 months Contracted 
-^phIlls 15 yeais ago PieMous to the piC'cnt complaint had been m good health Catarrhal 
signs in both lungs Heart enlarged, impact weak, a soft systolic muimui at the ape\ 
conducted to the anterioi avillarj line, fiist sound absent Electiocardiogiam indicated 
‘ intrai entriculai ’ heart block AT R negatne He appealed to be making good progress 
but died suddenly' during night of the 4th Norembei Post-mortem AVeight of heart 10 oz 
fatty infiltration marked An aneurysm about the size of a tenms ball present at the ape\ 
of the left \entricle 

Case 3 —Fig 2 PS, male, 50 Admitted on 15-1-30 on account of attacks of prscordial 
pun vhich radiated round the chest to the left subscipular region The attacks lasted for 
houis— on one occasion for 24 houis Duiing attacks the patient lay quite still and asked 
to- hue the praicordium fiinili piessed The pain had no relation to meals or exertion 
Duntion three months Preiious health good AA R negatne Blood-piessuie 195/105 on 
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idmit-iou whtii IIkic w no pun It K II In 180/105 dunim in lU ak The piin is 

unaffected h\ mtiili'- 'Ihcu w i-- -.liuhl licputiopln ol hciit Tiie firat sound Wdb ucak 

and the a'cond '-oiuiwhit umUuited Mt ilroiardiourun indiiatcd iiglit bundle block 
Tieitment hul no iieiinancnt ilTecl 

Cost 1 — K , U’lu lie 17 \diuitted on 2.1-l-.i0 nitii oithopiuci jialjutation, cough, 

genci d uni'.uci below tlu le\il ol lit ut, tiithit luei ind iisiitO' fscniptoins were first 
noticed 12 ceiii' igo Init tlu thin tic ol a child 1 iiionth-' piiwious to adiiuvion seemed to 
hue iggi u lit d the tioubli llt'iit intitlt i iti U tnliigitl Vpt \ bi' it tlitfiM lieuing ind 
ililieiiied tloubli> 'No Ihiill ti illoii ihcthni it tlu ipi‘\ V solt ijnc il sc^tolic niiiimur 
conducteil i lilth' to tlu It It No icct nlualion oi the piilinoniic 'Ocond 'Ouiid Blood- 

lucssuic S5/50 W It ncgilice Ite'pon-'i to tieitiiunt pooi 

Cuic 5 — I'lg 1 It V iiiiile 18 Vtlinittttl with j) lijnt ition, oithopnu i, cough cedema 

below the Icwil ol the hciit c iitli u li\ti i>titi'> intl tioubli' iiliuiil etfii-ion Dilution 

one month II id jd igiic in 1919, iltu which lit dtctloiied conge-'lne he irt Inline ind w is 
ticatetl m thu ho-'pit d Iteiii.iineil I iul\ well until i month ago when in itt ick of fecer 
listing two di\s biought on tlu* pit'ent tioubic lie iit moderitch cni iiged Ape\ beat 
dilTu&e and wcik Vmiculii tibiillition No mminni IJIooil-()ie'sure 105/70 IV R 
negatuc Pulse about 100 pei niinute, finite iiu gul ii Tic ited with digit ilia Inipiocenient 
slight 

Coa 0 — Fig 5 C! “s mdc, J5 \dmittcd on l8-J-d0 loi shoitnc"> of bicath on slight 
CNeition Dm ition 2 \eiia Had '■\phdi3 10 jeau igo Heait not enlirged, sounds cleir, 
no nuiimui Blood-pie-'Uic 125/110 FIcctioc luliogruu show-, widening of QRS coniple\ 

ind lUNOision of T w i\e m le id III He left ho'pit d on 20-2-30 beloic i IV R could be 


done Ol i ski igi im t iken 

Cosc 7 — B R, mile 55 Vdnuttod on 1-10-29 with i swelling in the upper pait of 
the left chest of 6 months’ cluiation, cough ind occ isiond h cinoptcsis of 7 months’ duration 


Contiacled scphihs 30 jcais igo 
and a sj'stohc bunt Skuigi im 


Swelling the sue of i tennis bill with c\piusile pulsation 
showed in incuiNMU ot descending aich of aorta No 


difference in pupils oi puNe on the two '•idcs Cough not the tj picul one of aneuijsni 


Nothing ibnoimal in the lit nit on jilivsic d CMinin ition Geneial condition 
II R Electiocaicliogiam showed piomincnt Q wuea in leads II and III 


poor 

No 


1 espouse to tieatment 

Case 8 — ^Fig 6 F, mile, 52, a well set-up 'ithletic indnidud Seen a week after a 
severe and prolonged attack of pioacoidial pain, which was most inaiked at the lower end 
of the sternum and ladiated dow'u both arms Theie was coll ipse and lomiting duimg the 
attacli) which was the firab of its kind Blood-piessuie on examination 100/80 Heait 
normal m size No muimui Duplication of first sound at ipex Electiocaidiogiam 


indicated coionaiy thrombosis 

Case 9— Fig 7 M A K, male, 55 Admitted on 9-4-30, foi pimcoidid iiam on slight 
exertion Four years’ duration Oithopnoea and cedema of legs of 5 months’ dm ition Had 
had albuminuiia foi the last 7 jmais Heait modeiatelj enlaiged, apex beat diffuse and weak 
A soft systolic apical muimui after the first sound Caidiac li\ei Blood-piessuie 160/110 
IV R negative Electiocaidiogiam showed widening of QRS complex and piomment Q waie 


in lead III No response to tieatment 

Case 10— Fig 4 R B, male, 50 Admitted on 22-4-30 with oithopncea, oedema below 
the level of heait, ascites and caidiac livei Six months’ cluiation Accustomed to veiv hai 
exercise — a wiestlei Suffered from tvphoid foi 2 months 2 xeais ago Heart giea y 
enlaiged Apex beat diffuse and weak A soft systolic muimui at the apex slightly con 
ducted to the left Blood-piessuie 85 systolic Diastolic could not be taken Electio 
caidiogiam gace evidence of ‘ mtiaventiiciilai ’ block IV R negatne Response o 


tieatment poor 

Case 11 — R B, female, aged 35 Admitted on 29-4-30 with oithopncea, cedema be ow 
the level of heait, caidiac livei and a very tioublesome cough of 3 months’ duiation 
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Confined 3 months ago Had much h einoiiluge and siifteied iiom sepsis Caidiac symptoms 
de\ eloped msidiou«ly during the pueipeial fe\ei No histoiy of rheumatism Heart 
moderately enlaiged A. soft sjatolic murniui at the apex Both sounds weak Skiagram 
showed no encioachment upon letiocudiac space Blood-pressure 120/55 W R negative 
No response to treatment 

Gioup II (Vahular disease) 

Case 1— Big 8 Aoitic regiugitation T S, male, 40 Admitted on 12-2-29 with 
palpitation, shortness of breath and pam m the epigastrium after exertion Duration 7 
months PracticaUj bed-iidden Heut moderatelj enlarged Apex beat weak and diffuse 
Both sounds leplaced by soft muimuis, systolic and diastolic, best heard in the aoitic area 
but audible o\er the whole of the piiecordium ind a little beyond it on all sides Loud 
sjstohc sounds audible o\er the big aiteues Blood-piessure 180/80 Li\ei not enlarged 
R Electrocardiognm showed left sided pieponderance and inveision of T ware 

in leads II and IH Did not impioie 

Case 2 — Mitial stenosis A M, male, IS Admitted on 3-10-29 with palpitation and 
shortness of bieath on exeition Six months’ diiiation No histoiy of iheiimatism Heart 
moderately enlarged No thiill First mitral sound shaip and short, second pulmonary 
sound accentuated An eailv diastolic, a lough piesjstohc and a soft sjstolic muianur (just 
after the first sound) audible it the apex Citarrhal signs in lungs Repeated examination 
of sput um foi tubeiele bacilli negatue All muinuiis disippeaied when patient got a ware of 
tempera tine Response to tieatmeiit poor 

Case 3— Fig 9 ‘Double mitrd ’ disease Admitted on 24-10-29 with oithopncea, 
palpitition, cough and oedema Sjmptoms fust noticed 2 >eais ago Joint ‘iheiiraatism’ 
5 jeais ago Heart enoimousb enlaiged pushing i big caidiac Inei bodily downwards 
A sjstohc and diastohc thrill piesent o\er the lower part of piacoidium Auricular 
fibnllation A diastohc and a soft sjstohc muimui at the apex — the latter well conducted to 
the left Second pulmonary sound accentuated Catanhal signs in lungs Electro- 
eardiogi-am showed mjocaidial iniohenient Response to treatment poor 

Case 4 — Mitral regurgitation J, female, 20 Admitted on 5-11-29 with shoitness of 
bieath and palpitation on exertion, lowr fe\er and cough About 3 j ears’ duration Mis- 
caiTied 3 jeais ago Had moderate hemoptysis lasting 4 daj^s in Aprd 1929 Occasional 
oedema of the legs Heart modeiatelj enlaiged, impact forcible and diffuse, no thrill A 
short systolic apical murmui conducted to the left aimpit and inferior angle of scapula 
audible oiei the whole of piiecoidium with slightlj' dimimshed mtensitj Second pulmonary 
sound accentuated Cardiac h\er Blood-piessuie 150/50 W R negatue Treated 
symptomaticallj Response to treatment good 

Case 5— Mitral regmgitation M D, male, 38 jeais Admitted on 3-12-29 with 
palpitation and shortness of breath on exertion One j ear’s duration Had joint 
‘ rheumatism ’ lasting 2 months in 1913 Heart moderately enlaiged Veins in neck 
piomment Epigastric pulsation marked Apex beat diffuse and forcible A blowing systo- 
lic mmmui at the apex conducted to the mfeiioi angle of left scapula and audible with 
diminishing intensity o\er the whole of priecoidium Second pulmonary sound accentuated 
Blood-piessuie 160/90 V R negatiie Li\ei puEatmg and big Treated symptomatically 
Much improied 

Case 6— Mitral leguigitation A R, male, 60 Admitted on 3-12-29 with orthopnoea 
and cedema below the lei el of heart Three months’ duration Histoi-j of primarj sore 
12 J ears ago No history of ‘ rheumatism ’ Heait much enlarged Apex beat diffuse and 
forcible A sjstohc murmui at the apex conducted to the inferior angle of left scapula and 
audible oier the whole of piiecordium— musical at the apex, elsewhere soft and blowing 
Second pulmonarj sound accentuated Cardiac liier Blood-pressuie 135/88 W R 
negatiie No response to oidmarj measures Impioied much with noiasurol Discharged 
pricticallj free from sjmptoms ° 
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Cum 7— ‘Double initi il ’ (li-(Mse i\I h. iii tie i(;c(l 2 (j Adiiiiltcd on 21-1-30 with 
oilhopnai, t-'tilo^ tmiKh and p diul ilion S\ miiloiiis ln^t noticed 2 3011', tjio Histon 
ol joint ‘ iheiiin iti-in ’ ii'-luif: 3 nionllis 9 monllf, ifjo C'\.inO'i> iiiodci do Vein-, in neck 
full uul liMi inluucd bif'Ui of conne^lion in both liiiif;' Heut niinh cnIaiKcd \pical 
l)lL^\t.tolIL uid >\»tobL munmu'i lueM'id accompuntd b\ tlnilK Ihe s\-,toliL conducted 
to mfcnioi vu"Ie of left scvpuh Fu4 unit il sound duip ind siioit, -(lond ]ndinonu3 
-ound iccoutuitcd Routine tredment Di'chuKocl niodci dcU uupioced 

C'fiM S — PI do XXX\ III, (i'4 2 Mduil ■'teno^i-, tnd loitu lef'uij'itation \ M , male, 
30 Admitted on 25-1-30 with ptlpddion ind "hoilne-s, ot bicdh onc\eition Eight -veus’ 
dm dion Cough for 2 montlvs Histoic 01 joint ' ihcuinatisin ’ 10 3c us .tgo Heait 
moderitolc cnlirgcd Dinstohc thiill it npe\ Vpic d cliistolic inurmui with i pics3fetolic 
iccentu ition Jciding up to .i shoit slurp fust '-ouiul, i!-o i -oft ipic d s3atolic muiinur 
lollowmg fiist sound, conducted i -mill di-t mcc to the led \u loitic icgmgitint nniinnir 
nitii nia\iimiin intcnsdc to left ot steuiuia ojuio-iti tliiid chondioslein il junction, soft 
tnd blowing m chuactei md conducted i little below the niiiiilc Second pulnioiiai3' sound 
accontu itcd Xo sounds om 1 iitcins Lnci sliglilh eiilugcd Bloocl-piessUic 110/60 
B R negatne Did not impiocc 

Cdsi 9 — Mifi d ateiio-i- T D mill, 19 kdimlted on 1-2-30 with lobu inicunioiu i 
PIfiil -lightlv enliigid A -oft -\-lolii nimiiim with in iMimiiu iiitin-il% cnci the left 
half of sfeinum oppo-itc the 2nd and 3id mici-iiicos couiiileteb lej)! icing tin lat sound 
md conducted moic tow iid- the b i-e thin the ijii'x Sccoinl imliiioiiin sound iccentu dec! 
X'o signs of filling coinpeus ition X^o histoi3 of iheuinati-in ’ A’-i 13 ciidcuce of left 
auliculdi cnliigcment 

Cc/sc 10 — \oitic legmgitdion lud iiiilnd legiiigitation K C, mile, 41 Adinittcd on 
S-2-30 with oithopna-a, adenu, cough md pilpilation About 2 luonlhs’ dunition Clnouie 
alcoholic Had glycosmia 21 vcais igo which 3ieldid to dietetic nieasiiics Ilciit much 
enlaiged Apex beat difTu-c and weak A niu&icd s\stolic imnmiii, best heud it the 
apex but audible oaci the whole of the jn.ccoiclium md conducted bc3ond the ipex A 
soft diastolic muinuii best heaid ocei the sfcmuni opposite Ihe 3id costostciiial juuclion, 
conducted to a little beyond the ipox Loud s3sto!ic sounds o\ei the big aiteues Blood- 
pi essme 134/60 Caidiac liaei W R d — 1-4 Died on 12-2-30 

Cose 11 — Mitial stenosis M S, male, 32 Admitted on 13-2-30 wath jialpitation and 
bieathlessness on exeition Two yeais’ dm d ion Oieasiond cedcina of legs aftei exoition 
One yeai’s dmation Histoi3^ of loint ‘ ilieumatism ’ 4 yens ago Miuked imamiia due to 
ankylostomiasis Hcait mocleiatcly enlaiged Apex beat diffuse Fiist initi il sound shaip 
and shoit followed by a soft systolic inmmm bc&t hoaul inside the ipex but uidible near 
the base as w'ell — ^not conducted outside the piaicoulium Two months htci i pies3'stolic 
apicd mm mm detected aftei exeition Second pidmonai’3 sound accentuated Blood- 
piessure 110/55 W R negatne X-iav eaidence of enlaigement of the amides 

Case 12 — Mitial stenosis G , male, 8 Attended hospital on 17-2-30 with shoitness 
of bieath and palpitation on slight exeition Dm ition 2 months Histoiv of ‘ilieumatism’ 

3 months pieiiously Heait modeiatelv enlaiged A lathei lougli s3"3tolic mm mm at the 
apex and just outside it Fust sound simp and shoit Second pulmonaiy sound accentuated 
Lnei enlaiged 

Case 13 — Mitial stenosis and aoitic legmgitation R R, mule, 20 Admitted on 
18-2-30 with pyelitis Heait condition detected on loutinc examination No ciuliac 
symptoms History of joint ‘ iheumatisra ’ 4 years ago Heait slightly cul 11 ged A diastolic 
thiill at the apex A soft diastolic muimui best heaid oyei the steinum opposite the 
Sul chondiOBteinal junction and conducted tow aids the apex A lumbling diastolic muimur 
it the ipex S^stollc sounds o^el the femoial and biachial aiteiies m the eiect position 
Blood-piessme 110/35 Lner not enlaiged W R negative 
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14 _piilP xxxvni, fill 1 Miliil '.teno',1^ SR mile 42 Admitted on 25-2-30 
Mith joint ‘ iheum iti'iii ’ of about G iiioiilln’ dm ition A ^oft -istolic muimui confined to the 
'lie\, itplaciiis the Itt -^ouiid Second pulniomiiy ',ound accentuated .Y-nj' evidence of 
euhiged loft uiiiclc Two months 1 itei i slight piesjstohc nuiiniui could be detected after 
e\eition 

Cave 15 — Aliti d stcnosi- S fern de. 32 Admitted on 25-2-30 with joint ‘ rheumatism ’ 
of about one veiCs duration with pciiods of remission A soft sjstohc murmur, replacing 
the 1st sound ludiblo it the apex with the maximum intensity just to the left of sternum 
opposite the 3id and 4th costal cirtiliges The second sound at the initial and the 
pulmonan aioa iccentinted Xearh one month latci a soft caily diastolic apical muimur 
dev eloped 

Case 16— Mitial stenosis S, male, 13 Admitted on 27-2-30 with cough, pain m the 
side and blood-stieaked sputum Heait condition detected on routine examination 
Historj of ‘rheumatism’ 5 montlis ago Heart moderately enlarged An early diastolic 
and presvstohe thrill piesent at the apex Fiist mitial sound shaip and short, second 
pulmonaiv sound accentuated At the ipex a lOugh lumbhng murmur occupvmg the whole 
of diastole with piesvstolic accentuation Livei 2 fingeis enlarged Lungs congested 
Response to treatment good 

Cose 17 — Mitral stenosis W B, female, 25 Admitted on 8-3-30 Had painful joints 
off and on for 8 veii^ Heait condition detected on routine examination Heait moderatelj 
onlaiged Xo tliiill Apical firet sound shaip and shoit, picccded by a presystolic and 
followed bv a soft svstolic muimur Also in eaih diastolic muimiii piesent at the apex 
Second pulmonan sound accentuated Xo signs of failing compensation 

Cose 18 — Miti il stenosis J R, male, 12 attended hospital on 8-3-30 with palpitation 
and shortness of bieath on exertion About 6 months’ duration Histoiy of joint 
‘ iheumatisin ’ 2 vears ago Heait slightlv enlaiged No thrill First sound shaip and 
short at the apex, second pulmonan sound accentuated A soft apical systolic murmur 
conducted a little to the left following the first sound Livei 2 fingers enlaiged 

Case 19 — Plate XXXIX, fig 3 Mitial stenosis and aortic regurgitation S, female, 30 
Admitted on 18-3-30 with bicathlessness and palpitation on exertion, oedema of legs, cough 
and pain m the abdomen (peiihepatitis) No histoi-j of ‘rheumatism’ Heart moderately 
enlarged Apex heat diffuse Thiee muimuis (1) a soft sjstohc localized at apex, 

(2) a rough rumbling diastolic to the left of steiniim, in the 3id and 4th inteispaces, 

(3) a soft blowing diastolic in the aoitic area Blood-pi essure 85/60 Cardiac liver W R 
negative Slight impiovement 

Case 20 — Mitial stenosis H B, male, 18 Admitted on 3-4-30 with palpitation and 
bicathlessness on exertion of 2 yeais’ duiation Histoij of joint ‘rheumatism’ 4 j'eais ago 
Heait modeiately enlarged Apex beat diffuse Eaily diastolic and pie^stolic thrills at 
the apex A loiigh rumbling apical diastolic murmur with piesjstohc accentuation Fust 
mitial sound sharp and shoit Second pulmonarj sound markedlj' accentuated A soft 
svstolic mm mill occupvmg the short pause heard shghtlv inside the apex Caidiac livei 
Blood-piossuie 105/65 W R negative 

Cnse 21— Fig 10 Mitial stenosis R B, female, 60 Admitted on 15-4-30 with 
painful swelling of the joints Had ‘ rheumatism ’ off and on for 6 years First mitiil sound 
roughened and followed by a localized soft sjstohc miirmui Heart not enlarged Blood- 

prcssuie 95/70 AV R negative Electrocaidiogram shows an enlaiged and notched P wave 

Case 22— Mitral stenosis S R, male, 46 Admitted on 17-4-30 with chronic malaria 
Heart condition detected on routine examination Heart slightly enlarged Apex beat 
diffuse A soft sj'stohc miiimui best heard just inside the apex but also audible over the 
whole of the left half of the piaicordium First mitral sound sharp and short, second 
pulmonarj sound accentuated A presvstohe murmur detected after exertion' Blood- 
pressure 110/55 W R neg-itiv e No historv of rheumatLsm 
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Ca',c 23 — Mitial ^tcno«l'^ M K, nmlo, 20 on 21-1-30 with icute bionchitis 

Histoij of two nttiikd of ‘ ihemniiti-m,’ ono about 15 a^o, tlu* other about 2 years ago 
Heait moderatcl\ cnhiged Apc\ belt dilTiwe \n eaiK dn-itolic ind pieaistolic thrill at 
the apo\ Apicil din'-tolic murimn with pie^\-,tolic acer ntu ition Fii^t mitral sound shaip 
and shoit Second pulmonan sound iccinlualcd Blood-pii "Ure 100/75 W R negatnc 
Crt'f 21 — Double initial’ di'e i-c K B , leinilo, 7 Sei n on 2G-1-30 with joint pains 
of 3 months’ dui ition pilpitition piecoidiil unei-mc^-, ind oiti-iond fe\er vnd sweiting 
The onset of joint ji.iins w is issoci ited with inihl p\ic\ia He irt moderitely enlarged 
\ fimt sjstolic thiill at the ipc\ Ape\ lx it diffu'e A mU'it d sjstolic apical murmur 
conducted to the infcrioi angle of lett --t ipula Fii-t miti il sound shirp and short 
Pulmonan second 'ouiul icdupliiated Blood-jne'suie lOO/CO Lisei enhrged 
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ENLARGED MALARIAL SPLEEN 

BY 
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D L SHRIVASTAVA, d sc 

(F)om the Depaitment oj Clinical Medicine, King Edwaul Medical College, 

Lahoi e ) 

[Received foi publication, Mav 30, 1930 ] 

Experiments recoided m a pievious papei (Hughes and Shnvastava, 
1929) showed that in man quinine in anti-malanal doses produced changes in 
the blood picture indicative of splenic conti action Aftei an intravenous m- 
jection tlieie nas usually a shaip rise in the white cells which leturned to the 
pie-injection level oi below it in less than two horns Dming oial admims- 
tration a small gradual increase in leucocytes occmred The effect of oral 
quinine, liowevei, nas found to be greatly inci eased when alkalis weie given 
in quantities sufficient to render the mine alkaline 

The present communication deals with fmthei eviieiiments undertaken 
with the object of determining the manner in which alkalis affect the action 
of quinine on the spleen and of ascertaining whether oial quinine and alkalis 
cause increased proliferation of leucocytes as well as expulsion of cells from 
the spleen into the circulating blood The obsei rations neie made mostly on 
indiMduals vhose spleens were enlarged fiom chronic malaria but who showed 
no signs of active disease The methods employed were those already described 
(Hughes and Shrnastava, 1929) Tluee sets of experiments were earned out 
In one set the spleen was made to contract by injecting adrenahn subcutaneously 
(1 c c of 1 in 1,000 solution) and the increase m leucoerdes compared with that 
produced in the same subject by injection of adrenalin after alkahzation In 

( 501 ) 
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anothci -ot tiie eHei't ot alUali'i on the leiuoL\to>H icsultinj? fiom intiavenoih 
quinine uas studied In the thud the chani'Cs pi educed in the leucocjte pictuie 
b\ oial quinine and alkalies weie ol)5ei\ed o\ei a iiciiod of se\eial dajs 
Vallatlon^ in the icil cell count weie not noted as it had been found that 
ha?mohsis followed intiavenous intectioiis of (luinine in some nialaiial subjects 

In') EIJc(t of alk(dtcs on the /cacoci/fosis inodiiced by adienalin 
The lesults ol some expeiiments aie giMm in Table I It is ^een that in 
even case the eflect ot adienalm like that of oial quinine wa^? inciea«ed bj 


T\nLE I 

Showing the effect of cdkohes on the leucocytosis caused by the injection of 

adi cnalin 
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9 230 
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*Figuies in bnckets indicate peicentage changes 
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giving alkalis and that the inciease vaiied in degiee As the smooth muscle 
of the spleen, like smooth muscle in geneial, is rendered moie sensitive to 
adienahn stimulation by mciease of pH, it is possible that the vaiiations 
observed were due to some extent to the degree to which the reaction of the 
blood was altered This would be expected to vaiy m diffeient individuals as 
it depends not onlv on the initial pH of the blood and the pi eduction of acid 
substances but also on the delicacy of the acid-base regulating mechamsm 
It IS piobable, howevei, that the condition of the spleen was also lesponsible 
foi these vaiiations Pathological changes altei the contiactihty of the organ 
and a gieatei proportion of the total possible contraction may have been 
produced by adrenalin alone in some cases than in others When the spleen is 
very fibrous little oi no contraction is possible 

(b) Effect of alkalis on the leucocytosis -pioduced by intiavenous quinine 

The use m leucocytes produced by therapeutic doses of quinine given by 
the mtravenous route was not increased by giving alkalis (Table II) This 
would indicate that the quinine alone caused maximal contraction of the spleen 
Generally speaking intravenous administration of quinine m malaria does not 


Table II 


Showing the effect of alkalis on the leucocytosis caused by intiavenous injection 

of quinine (6 gi ) 


No 

Date 

1 

5-11-29 


8-11-29 

2 

11-11-29 


13-11-29 

3 

19-11-29 


21-11-29 


1 

'Name 

1 

I 

Clinical notes 

AV B C 

PER CMM 


Before 

injection 

After 
mjection * 

Remarks 

1 

,M A 

Fever off and on for 
the last 7 years Spleen 
enlarged to umbdiciis 

7,130 

8,870 
(-1-24 4) 
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Urme alkaline 

! A 
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Occasional attacks of 
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laigement of spleen 

10,570 

13,430 
(4-27 1) 
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13,300 
(4-17 7) 

Urme alkalme 
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Chrome malaria Spleen 
filling almost the 
whole of the abdo- 
minal cavity Li\ er 
also enlarged 

5,770 

7,300 
(4-26 5) 
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5,430 

6,870 

(4-265) 

Urme alkaline 

Figures in bnckets indicate 

percentage changes 
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appeal to po'-M-'-' ui\ a(l\ aiUai^t'. o\ei oial udiniiii'iliaticm with legard 
to itf ultimate theiapeiitit aitioii, luit Vctoii ct al (1921) found that 
m benign tcitian inieetioii'i it (au-'nl the pai i-itc-. to disappear more rapidly 
fioin the peiijiheial blood 'I’liis etiect iiia\ be connected with the rapid 
mobilization ol monocNtcs pioduccil m the spleen, as the diug itsclt iapidl> 
leaves tlie blood Ilattman .ind Ziha (191S) found that aftei an intra\enou3 
do-'e of 0 b g , 90 pci cent had leit the blood m twent> minutes Intiavenoiis 
quinine produced no leutu(\to>is m patients with indurated fibroud spleens 


(c) Obsei vatio))-^ on the Iok od/IosI', piuihucd bi/ and quoiDic (vul (dkalis 

The expeiiments leooided abo\e (a) would lead one to conclude that 
alkalis accentuate the action ol oial (lumine on the spleen b\ lendcring the 
contractile tissues moie ''cuisitue to stimulation by the alkaloid While a 
sudden use in leucoc\te-' would be pioduced by this ellect it is also possible 
that incieased piolifeiatioii ol white cells, espccialh monocytes, might be 
brought about by this combination of chugs oi by quinine alone Giemsa 
(1927) IS of opinion that quinine is taken up by the cells of the reticulo- 
endothelial system and if this is so a continuous stimulus to the piohferation 
of these cells w'oulcl be piovidcd dining the absoiption of quinine from the 
ahmentaiy canal With a view to obtaining infoimation on this point differen- 
tial leucocyte counts w'erc made foi scveial days in individuals receiving 
quinine and alkalis by the mouth Some Upical lesults aie given in 
Table III, and two expeiiments aie lepicsented giaphicalh m the following 
figuie {see p 505) 

In geneial it was found that the lapicl use in the total white cells began 
in a day or so and peisisted foi 2 to 4 days There wms then a sudden fall 
to about the original level A piolonged monocytosis was not pioduced It 
was noticed that the i eduction in size of the spleen coiiesponcled to the increase 
in leucocytes, a lapid reduction occuning during the period of nia\iinal leuco- 
cytosis and a much slowei i eduction aftei wards W^hen no increase in the 
white cells was produced there was no noticeable effect on the size of the splenic 
tumour This was the case in patient 4 in whom there wms actually a fall m 
leucocytes and whose spleen was veiy haid on palpation These facts pome 
to the conclusion that, at least m the absence of malaiial infection, the leiico- 
cytosis brought about by quinine oi by quinine and alkalis is entiielyq oi almost 
entirely, due to conti action of the spleen 


(d) Sep)e remarks on the natuie and significance of the enlaiged spleoi i)i 

chionic malaiia 

The results so far obtained permit of ceitam conclusions regarding the 
nature and significance of splenic enlargement in piolonged oi repeated malaiial 
infection It has been shown (Hughes and Shrivastava, 1929), that contraction 
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by adrenalin of the enlaiged spleen in chronic malarial subjects often causes a 
inuch smaller rise in the red blood cells than contraction of a normal spleen, 
although a degree of leucocytosis much greatei than normal may be produced 

Total leucocytes 



In many cases monocytes took a very prominent part in the increase in white 
cells This occurred in patients i\ho weie, or had recently been, suffering from 
slight active manifestations of the disease m the form of iriegular fever In 
two patients previously refeired to (Hughes and Shrivastava, 1929) in whom 
the disease was getting the upper hand the spleen expelled no monocytes on 
contraction, but, when the disease had been got undei control by means of 
quinine, splenic contraction gave rise to a marked increase of monocytes in the 
peripheral blood These facts indicate that proliferation of the leticulo- 
endothehal cells is the immunity leaction ol the tissues to malarial infection 
just as proliferation of the neutrophile granulocytes is the cellular reaction to 
pneumococcal infection and ‘ local infiltration of plasma cells and lymphocytes 
represents the processes of a local tissue immunity’ in syphilis (Warthin, 1929j 
, A spleen enlarged because of great proliferation of the reticulo-endothehal cells 
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mv^\ thcioioie be* looked uiuin a-, defente mal.uia It-5 capacity to 

stoic icd blood LOipU'«cles iiia\ houe\ei, be diinmi-hed ouiii”; to invasion of 
the* blood spaecs b\ the* >plem(* icll" 

111 some* induiduals leg, Xos I and d, Tabh III) with enlarged malaiial 
Spleens nioiioc\tc> weie not expelled into the blood in huge miiiibeis when the 
spleen was made to tontiatt allhoiigh a leiieot % to>is did oeeiii In these patients 
theie had been no fe\ei loi i long jieiiod and theie weit no jiaiasites in the 
])eiiphcial blood i'heie liad, theieioie, been no >tniuilii-' to leticulo-endothelial 
liypcitiophx loi some time It i> piobable that the spleens although still able 
to contiact, contaiiieil huge amounts of fibious tis-'Ue as jnolonged ticatment 
did not efteet much leduetion m •'i/e Histologieal exammution shows that 
moie 01 less Iibiosis alwa\s necomp imcs piolifeiation ot the splenic leticulo- 
endothelial cells m cluonie mahuia In long st indmg east's (eg, patient 4, 
Table III) this pioce^s ma\ be so inaiked that eontiactilitv is practically 
abolished 

Splenomegaly in chionie malaiia inaj, thciefoie, be due mainly to pioli- 
feiation of the icticulo-endothelial cells oi to fibiosis oi to botli In the fiist 
case a diminution in sue of the oigan will icsiilt fiom lemoval of the stimulus 
to cell piohfeiation, i e , by killing oft the malanal paiasites When, howevei, 
oveigiowth of fibious tissue is hugely ic&ponsible loi splenic enlaigement this 
wall lemain peimanently to a gieatei oi less extent unless shiinkage of the 
fibious tissue occuis Smtoii (1929) noticed that i eduction in sue of eiilaigecl 
malanal spleens when oial quiiimo and alkalis weic given was at fiist lapicl 
and then giaduallj'’ slow'cd down Fiom the lesults oi oui obseivations it 
would appeal that the initial lapidity of efteet is heie due to conti action of 
the smooth muscle of the spleen In the causation of the splenic tuinoui thau 
occuis in an acute attack of malana engoigement wuth blood plajs an inipoitant 
pait, but heie also theie is m oidmaiy cases piohfeiation of the leticulo- 
endothehal cells as sucli cells usually appeal in the blood m inci eased numbeis 
when the fevei disappeais 

Changes analogous to those' occuinng in the spleen aie also seen in the 
poital spaces of the liver in chionic malana These changes often lesult in 
hepatic enlargement wdiich may disappeai when the paiasites aie killed off 
They may, how^evei, lead to poital obstruction fiom oveigiowdh and conti action 
of fibious tissue 


Con ciiUsioNS 

1 Achenalin pioduces a gi eater conti action of the spleen when laige doses 
of alkalis aie given than wdien alkalis aie withheld 

2 Alkalis do not mciease the contraction of the spleen bi ought about 
by intravenous injections of quinine m anti-malarial doses 

3 Duiing administration of oial quinine and alkalis there is a prompt 
use in the white cell count which, howevei, falls to about the original level 
aftei 2 to 4 days Theie is no evidence of inci eased cell piolifeiation 
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4 When the spleen is fibrous and mduiated the leucocytic response to 
both adienahn and quinine is greatly diminished or abolished 

5 The significance of the enlarged malaiial spleen is discussed 

Our thanks aie due to Dr Lai Chand, formerly Professor of Physiology, 
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Part IV. 

EFFECT OF ORAL ADAIINISTRATION OF PLASAIOQUINE ON THE 
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Plasaioothne, a synthetic alkyl-ammo-6-methoxy-qumohne salt, was 
introduced by Geiman chemists in 1925, foi the treatment of malaria It is 
stiuctmally i elated to quinine in that it contains the quinoline nucleus but the 
pipeiidme nucleus which is contained m the quinine molecule does not enter 
into its composition Therapeutically it differs from quinine chiefly m its 
action on the subtertian malarial parasite Quinine has a strong lethal action 
on the asexual foims of this oiganism and hardly any effect on the sexual 
foims or crescents Plasmoqume, on the other hand, acts much more stiongly 
on the crescents than on the non-sexual forms In Anew of the relations of 
plasmoqume to qumme and of the fact that the latter drug in anti-malarial 
doses causes contraction of the spleen, experiments on the hues already described 
(Hughes and Shiivastava, 1929) were carried out to determine whether plas- 
moquine brings about splenic contraction or in any other way alters the blood 
picture 

Method 

Plasmoqmne in doses of 0 02 g was giA'en by the mouth five times a day 
and blood counts were made at the same time each mornmg before the subjects 
received any food Observations lasted 4 to 6 days Most of the patients 
had enlarged malarial spleens but none had any signs of active disease In 
some cases the urine vas kept alkaline, as this procedme was found markedly 
to enhance the effect of quinine on the spleen 

Resdets 

Typical results are gnen in Table I There was usually a diminution m 
the led cells but occasionally an increase Mas seen (Case 2) A a rule the 

{ 511 ) 



Showing the eifect of plasmoquine on the blood pictmc 


512 


SHitdiOb on th(‘ hJnl(tt/frd Malanal Spleen 


U2 


D 

O 

O 

o 

< 

1 

O >^3 

c c. 
o ^ 

>«—< 

rci ^ 

CO'^OIN-'^COCOI'- 

O C5 Ol CO C'l O Cl Is, 

CO O Is. CO I'* o *o 

•s* o »o ^ »o 
i<v CO C5 

lO O Is- o »o 

is. o Cl 

is. r;* •T* iv lO 

o »o o 

cc 

d 

u 

1 

zz 2 

P d r>*l 

CO ~ 5? 

-^OO^OOirtOis. 

O«-«C5C0— ‘^1050 
c/3 *0^0^‘O^C5 O 

Cl Co" Cl Cl c^f Cl cf 

^ C5 O O CO 

o »o o o *0 

O O O Cl^cq 

r"^ r“^ 

r-l (M O CO J2 
oocoooo 

O 

r-Te-i'c'f'-^' '-' 

Q 

C3 ® 

= c? 

IdOipiPOMOO 

O l>. 00 •-' 05 <M O O 

05 <>. r-^00 O Pl^ts lO 

CO O CO CO 

O TH CO *o o 

CO O^ts- Is. CO 

fS* 

C5 rH O 00 CO 

05 CD »-i £5 £2 

CO 05 05 is Cs 


oooooooo 

otv.ts-ts.ocors.eo 

o o o o o 

Is. o O is, CO 

ooooo 

isCOMOi^ 

« 

p: 

o 

05 ift ts^co o o cq 
o.-TocTofocscs 

o *-^cqsgH CO 

O 05 C5 CO 

r-< r— » 

c^co^cqCJ^^^ 

05 05* CO CO CO 


O / 
S C-' 


II 


a 

P. 


uo 

CO 


f o 

CM 


E. o 

o ^ 


o lO lO ^ 00 ^ 

is, o o >^1 o ^ c^i 


C 3 «M O <M O OC 00 
O lO O C/^ Cl o o 
00 i-' O ^ « o 


Cl 


p o 

s ^ 


u 

o 

£P 


tCo 

CO 

•-W # 


s c 
E. o 


O lO -o 
O *0 C5 CO 
O O O OD 


Cl C/D ^ lO 
CO O 

'O CO Is, C5 CO 

Is. 1 -'*^ ^ 


S-« ts, O O Cl 
is. o lO 
O CO O lO o 


CO -o* I-* O r:^ 
Ci -ni ts. 1-t 

lO ’*-1^0 CO uo 
^ ^ rr^ ^ 


o V. 

C 5 


pq a 

Ph 


i'w 
:s 9 12; 
1*5 o 

y'-3 


<MfsHis.O 0 C 3 CKCi*^ 
<MOp*— 030 CCI 


CO lO O lO 

1 C ^ o 

'OI Tj< lo lO lO 


T}4 CO 05 CO 

is. is, CO o 05 

tJ4 TJ< CO 


U2 

H 

o 

s 


o 


o o 

§ s 

u <n 
-Q ^ 

d d-o 

“ s s 

— o C3 


- * flt "rt 

fc- o 5 

^ 5 w 

— i2 J a g 

o 

o 

c 3 C 3 ^ 


m b 

“a XI 

g d d o. 

d fl o C 3 
P p,-^^ a 
CQ 


d 


d S 2 

CO 


o 


” d 2 'g 

-Si a a a 

5|S 

c! d«_ 0 ) 

o a 0) j 3 

o 


to 

a 

a 


-4 ^ 'tS 

cS o « 
^ rt s 
-3 o d 
3 M o 

^ 3 

TO 

o 

*oJp; o 
O C £2 »*0 

d O 

fO 0 

o,5J-g 

Prf 
CO P 


3 

^ t /2 o 


c 3 

"3 2 


w 


“ "3 s 

f-d w 

I “ S, 

■d <y J? 

> o S: o 


*-(' 

A 

< 

ca 

g 

oooooooo 

cocococococococo 

i 1 1 1 1 > * 1 


C5OpH»-HC0s!i<l0O 

(M CO CO 

No 



CO 


o o o o o 

CO CO CO CO CO 

I I I I I 

C<l M CM CQ 

I I 1 I I 

CO »o o 


w 


o o o o o 

CO CO CO CO CO 

m(N<nc;ic? 

t- 00 O r-l N 














Uiinc alkaline 

Alkalis + plasiiioquiuc 

0*1 g per day from 

14-2-30 

Phismoqume (fl g per 
day fiom 18-2-30 

Phsmoquine stopped on SH 
22-2-30 S 

Unne alkaline 

Plasmoqume O'! g per S 

day + alkabs fiom ^ 

6-3-30 

bt 

Shi ivastava 

0 + 

“ d ^ 

O “g 

^ M 

“i cj^ 

g§J 

51S 

E 

0 

til 

fa 

(U 

1 1 

o* 1 

1 

1 

_ (M 1 

PLj 

1 

tjh w 00 CO 

CO M CO 

CO CO lO 

COOC^COCOOO»-tOCOt>» 

C<ICOb«C^01*-'005C<l>t>. 

CO 

05 to O I-H 

TJ< O 05 N 
rt •><3^ CO 

CO ts. CO 05 

to CO 1> 

Di r-t rH (M 

o OTt* o o 

CO O C5 

TjT lo U5 tsT tjT 

c<icocoeo®‘^^^c<i’-'t^to 

Tjl0QC5iA«-'Ci0C5COO5COl^ 

to 00 (N^c4 ■^^^'3105 CO 

tjT lO* ^ cf CO C<r c^ co*-^ 

CO t-« t>- 

05 1-H lO O 

Tp CO co^co 

CO CO N Ckf 

to I", o t- 
to CD 05 00 
e5^CD^ 

tjT CO co" of 

C5 O O 1-4 05 
(M O lO CO 

CO o CO 

OOOOOOC*^OtfOf-<»-t050 

OOC5C5C<JC^COCO»-‘'^05 

C^^CO to CO CO CO !>• to i>-co 

1-H 

1-H 05 OI 

1-H CO CO Tji 
r54 tH CO N 

OJ ^ CD 

CO 1 -H 05 to 

Di to CO H3< 

CO o O 

cq uo 05 O CO 
o 

»— < rH T«H 

C5rl<COt«-WC^rj<C^TMCOO 
C5tOCOt'-Ot>-C^COCOOO 
uo JC>-^ co^ to CO CO w 

1-H lO TJ4 T34 

to r- CO CO 

l> 05 1-H w 

CM** I-H* 

CO 05 CO 

O N to 
to CD 05^ 

f-H t-H 1-H 1-H 

CO ift 00 CO 
csococ^t^ 
ts. U) lO to oo 

C005000t>.r}«lOC^COC^ 
rfc0t^l0^^tN.05^T-^C0 
t>« CO <0 b- lO 05 ^^05 

CO CO O to 

CD to to 

CD hh ^ CD 

1 ^ to 

o r- to 
to 0^0 CD 

rH 

o o o o o 

t>, O CO CO o 

T-r 

00** 00 CO t«- 

ooooooooooo 
t>»r^oooocococoiN.co 
to to^ to ^ o 

ocToo rCtCtCtCoo t^co t>- t-T 

o o o o 

t>. CO b* CO 
i3<^CO^i-^^CD 

CD O CO to** 

o o o o 

CO CO IM O 
OO-i^^^^CO 

CD CO to to 

CO 1-H CO 1— 1 CO 
!>. CO 05 

CO CO to U5 CO 

'^b-.iOtOCOi— ‘ t-hCOCOCOCO 
J^C^CO'^'^COT-tp5lOtN.TM 
cOCOtOLOtoco^tOtOtO^ 

05 05 T}4 CO 

CO W 1-H 

CO CO fo CO 

to r>- -<51 o 

O 05 t- o 

^ CO 5o h3< 

Chiomc nialaiia Irie- 
gular enlaigement of 
the left lobe of the 
In ei extending about 
31" below the Mphi 
sternum Spleen en- 
laiged about 2}" 
below costal mai gm 
Ankylostomiasis 

Histoiy of malaiia 
Livei and spleen 

moderately enlaiged 
for the hst 4 years 

Ankylostomiasis Mit- 
ral disease Chiomc 
malaiia Spleen pal- 
pable about ]" below 
the costal maigin 

Occasional attacks of 
malaiia foi the last 5 
months Liver slightly 
enlaiged Spleen en- 
laiged 3" below costal 
margin 



M S 

P 

o o o o o 

CO CO CO CO CO 
< 1 1 1 1 

Cj> oq cs 

^ »Oi>* 00 C5 

OOOOOOoOOOO 

cocococococpcococococo 

CjKNCjINCjICOcOCOCOCOCO 
COC50»— (C^tOotioOOrH 

T-4 ei tM 

25-2-30 

27- 2-30 

28- 2-30 
1-3-30 

oooo 

CO CO CO CO 

• 1 t 1 

^ 1-4 

CO to til 

- 

to 

o 

rs. 






514 


oil (lie Enltugcd Malm ml SplceH. 


total \\hite cell count uKo detiea-jed Tlieie was genciallj a iisc m the lyrapho- 
c\tcs, especially the simll \aiiet\, diinnjj the fiist two oi thice day* When 
the monocytes weie abo\e oi at the uiipei hnut of noinial a shaip fall occuired 
at the beginning of the expeinnent but when they wcie coinpaiatncly few in 
nunibci only small lueguhu change" weic seen The variations in the poly- 
nucleais and eosmoplule" weie mcun"tant In one patient (No 5) theie was 
a maiketl fall in the lattei cell" m two cxpeiimcnts In individuals who were 
icceiving alkalis the altei itioiis m the leucocyte pictuie were sometimes 
accentuated but not to a maiked degiee In some patients the chug gaie use 
to hoadaebe and pains in the "tomaeb but c\ano>is was not pioduced in any 
subject 

The lesults show that pla-'niocpiinc, unlike cpiinmc, docs not cause contrac- 
tion of the spleen It is tiue that in ■^onic of the patients the spleen may have 
been ^o indmated that \ci\ little contiaction was possible, but this was not 
the case in the inajoiitv incliuluig tlio-5C with no splenomegaly The changes 
m the diffeiential count do not penult of much discussion The fall in mono- 
cytes when these cells weie numeiou'' might indicate that in some way oi other 
they' w'eie retained in the ‘^iilccn The tempoiaiy inciease m lymphocytes 
suggests the expulsion of a lesene of these cells into the cn dilating blood It 
IS interesting to note that change^ in the differential leucocyte count in some 
lespects analogous to those desciibed above w'eic found to occur after injection 
of 1 c c of adienalm (1 in 1,000) in a healthy' subject w'hose spleen had been 
lemoved a xeai pieviouslv on account of traumatic luptuie (Table II) 

TxVBLi: II 


Changes in the blood pictwe of a healthy splenectoimzed subject aftei 1 cc 

achenalin (1 in 1,000) 



Befoie 

Aftei (20 mins) 

Red cells 

5 50 (millions) 

5 61 (millions) 

Total ivliite cells 

8,100 

8,330 

Laige lymph 

1,191 

i 1,191 

Small „ 

2,293 

3,032 

Monocytes 

S34 

633 

Pohmucleais 

1 3,540 

3,082 

Eosinophiles 

1 243 

391 


CONCnUSIONS 

1 Plasmoquine given by' the mouth foi 4 to 6 days in daily doses of 0 1 g 
caused no contiaction of the spleen 
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2 The most constant changes pioducetl m the blood pictme weie — 

(a) A fall in the led cells 

(b) A fall in the total dilute cells 

(c) A teinpoiai\ use in the lymphocytes 

id) A sliaip fall in the monoc 3 'tes when these cells weie at oi above 
the uppei limit of noimal 

Thanks aie due to !Ma]oi H S Anand, ims, Piofessor of Physiology, 
King Edw'aid ^Medical College, foi pei mission to w'oik in his laboratoiy and to 
Di B S Bhandaii foi assistance clming the im estigation 

The expenses of this reseaich w^ere defiajed by the Indian Reseaich Fund 
Association 
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PLASMA CHOLESTEEOL IN HEALTH AND DISEASE 
AND ON THE BLOOD CHEINIISTET IN 
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Ix a senes of observations (Hughes, Shiivastava and Sahai, 1929a) 
earned out during the cold weather of 1928-29 the serum calcium was found 
to be higher m healthy residents of the Punjab than in inhabitants of tempeiate 
regions It was suggested that the cause of this was the great total amount 
of solar ultra-violet radiation to which the foimer were subjected In 
16 Indians the values ranged fiom 11 91 to 13 08 mg per 100 cc with an 
average of 12 51 Corresponding figuies foi 8 Euiopeans resident m Lahore 
vere 11 28, 12 4 and 11 74 Estimations weie made by Kramer and Tisdall’s 
method (1921) the precipitate of calcium oxalate being allowed to stand for 
24 hours The values recorded bj workers m temperate climates using this 
method or some modification of it usually vary'- from 9 to 11 mg per 100 c c 
Since these lesults were published we have made fmther observations on 
the serum calcium m normal Punjabis and again subjected the method of 
estimation to larious tests We thought this desirable in new^ of the fact that 
other workers in the tropics had found lower rallies for serum calcium than 
we did Kestner and Boiclnrdt (1929) found that m Europeans m the 
Cameroons the values raried between 7 17 and 8 7 mg per 100 cc and Wills 
and Mehta (1930) state that the areiage figure for 16 normal Indians m 
Bombar was 10 1 mg 


( on ) 
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Altoi ouiM‘l\c‘^ .i-' to the* pmiU o! the ic.igont'i ind the accuiacy 

of the ^ta^(lalcl ''Olutlon^ diecked the nuthod ni the lollowuig ^\ays — 

1 The amount of eahium m a ''olution ot (ahuim chloiide was estimated 
both by a mado-method and h\ that used m oiii expeiiraents A compaiison 

01 the hndinu:-' ilwa\'' •'howed .igieement within naiiow limits Thus a 
solution m wlmh bbO mu; weie fouml b\ the foimei method yielded 656 mg 
by the lattei 

2 The (allium (ontent of hoI'e■^’ '•eium and ot a solution of calcium 
chloiide wa-^ detci mined and muumt> tound b\ anah-'is m mi\tuies of these 
compaied with the calcul ited figuiC" The le-'ult-' ne\ci tliffeied by moie than 

2 Ol 3 pci cent, tluH — 


Hoise’s <=010111 (C il- 
ciiim in mg per 100 c c ) 

C ilciuni tlilondi -solu- 
tion (Cilnum m mg 

F(lt\L I’\UT> 01 SHIUM \M) CILCIUM 
(inoitll)l SOLUTION (CVLCIUM IN 

M(. I'LR 100 cc) 

per 100 c c ) 

1 F\penmcnt il 

Calculated 

13 95 

13-2 

13 SO 

1 

13'57 


3 The question as to whethei some magnesium is piecipitated and 
estimated as calcium w'as investigated The possibility of this occmiing has 
been pointed out by Hendiiks (1929) We found that magnesium oxalate is 
not thrown out of solution if the =:eium is sufficiently diluted and excess of 
ammonium oxalate not used foi piecipitation Both these conditions aie ful- 
filled in Kiamei and Tisdalhs method 

4 Obseivations weie made on the effect of vaiying the tune dm mg which 
the piecipitate of calcium oxalate is allowed to stand AVe found that it made 
little Ol no diffeience wdiethei the piecipitate stood foi V houi oi foi 24 houis 
and that m some instances the \ houi piecipitate wms actually slightly the 
gieatei (Table I) — 

Table I 

Calcium in mg pcb 100 cc or serum (human) 


No 


1 

2 

3 

4 

5 

6 


Time allowed foi piecipitation 
30 minutes 


121 

12 5 

13 3 
13-7 
131 
13-7 


Time allowed foi piecipitation 
24 horns 


12*9 
12-5 
13 6 
13*5 
12-4 
13 4 
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These lesults aie m agieement with those of Tisdall (1923) On the other 
hand lYainei (1930) states that at least 16 houis must be allowed foi com- 
plete piecipitation of the calcium as oxalate Loucks and Scott (1929) aie 
also of opinion that complete piecipitation does not occui in less than 16 hours 
owing to the difficulty of piecipitating calcium fiom oiganic compounds It 
maj be the case that in ceitain cii cumstances the piecipitate is formed moie 
leadily than in otheis IVainei has also drawn attention to the necessity of 
sepaiating the seium fiom the blood soon aftei it is shed If this is not done 
the seiura calcium ^alue falls lapidlv owing apparently to the calcium going 
into the clot He states that neglect of this piecaution and failuie to allow 
a sufficienth long time foi piecipitation of the calcium as oxalate ‘ account for 
inanj' of the anomalous results of calcium estimations lecorded in the literature ’ 
He obtained values langing fiom 9 64 to 11 50 m six healthy medical students 
in London In all our estimations the seium was separated less than } hour 
aftei the blood was shed 

Having checked the method of estimation we detei mined the concentration of 
seium calcium m se^en normal Indians lesident m Lahore, and obtained lesults 
which agieed with oui previous findings The values ranged fiom 11 1 to 12 7 
In two othei apparently healthy individuals higher values were found but on 
investigation it was discovered that the subjects were not really normal It 
is inteiesting to note that Hes« and Lewis (1928), working m New York in 
the spiing and eaily summer on the effect of irradiated ergosterol on the 
seium calcium of normal infants, found high percentages in some cases and 
suggested that they were partly due to the effect of solai radiation 

Effect of vitamins A and D on the seium calcium and inoigamc phosphonis and 

on the plasma cholesteiol 

Fuithei obseivations were earned out on these points, the methods used 
being those aheady desciibed (Hughes, Shrivastava and Sahai, 1929a) 
In the case of hospital patients all blood samples were taken before the 
morning meal Blood was obtained from normals aftei bieakfast Vitamin D 
was given in the form of Vigantol or Radiostol The souice of vitamin A was 
Radiostoleum which also contains vitamin D AYe are indebted to the manu- 
factuiers foi free supplies of these preparations 

Pievious expel iments showed that vitamin D sometimes raised the serum 
calcium m patients whose initial percentages were within normal limits A 
use in the blood cholesterol was also occasionally obseived Of the observations 
now lecorded two weie made on normal subjects and in all the cholesterol 
content of the plasma, not of the ivhole blood, was deteimined The results 
aie shown m Tables III and IV, and in general confirm the previous work 
No cases of osteomalacia aie included An appieciable rise (over 10 per cenO 
m seium calcium was obtained wuth vitamin D alone in two individuals and 
with vitamins A and D in one Sometimes a fall resulted The inoigamc 
phosphoius rose appieciably in 4 peisons on vitamin D and in one on both 
vitamins, but in only one case was a high phosphorus content associated with 

J, MR 
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a use in calciiiin Tlu* jila^ina ( innoa-^ecl 10 pei cent oi more in 
tliice patients on luadi'ited eino-teiol .md in one on Rudio^tolcum V marked 
fall in cholcstciol oeeinied in two patients leieiviin^ Mtainin D In these the 
initial pcuentae;t‘s wcu i dhei lii^h In i^iiui.il the tfuit ot \itaniins A and 
D on these loiistituents tit the iilood did not -(ein to ilihii fioni that of vitamin 
D alone 

One of the jiatients (Xo (>, 'I'alih HI) ulio't plasma diolcsteiol was low 
(85 nig) was suOeinig fioin epileps\ In po-i holcsti lokeinia has been showm 
(Gosden, Fo\ and Biain, 1029) to be i ii ituu ot this tondition and Gosden 
and Fo\ (1929) tound that epileptus ha\e oiten i low toUiance to Leiulose 
It has thciefoic been sug'^ested that the low iholesttiol lontcnt of the blood 
in this disease is the lesidt of Inti (lefniems In patitnt No b the tolerance 
to Jmviilo-^e was inuketli\ deltttne In \ kw of the ellett of tiie anti-rachitic 
Mtaniin in laising the blood t hole-'teiol in -ome -iilijett", experiments were 
made to doteinnne the innuence ot this \itimm on the gheogeme function m 
this indnidual Attci iidmmistrition ot Vig intol loi 11 da\s the Imviilose 
toleiaiicc cui\c bceame noimal although the it w is no diange in the cliolesteiol, 
calcium 01 phosphoius Fight dats kitei the listing blood-'itgai was high but 
the use aftoi 40 giainnics of kevulose was small The jilasma cholcstciol had 
almost doubled and the seumi tab mm lallen liom lb 5 to 12 0 These lesults 
aie showm m Table II 

T\BLr II 


Date 

to o 1 
2 

J) to u 

O C U 

i %. 

■55 

O 

cj 2 

d t) 

g cO 
-S ii «-* 

Ph 

1 Hl'«ll)-',l i.\ll us MO I'tll 100 CC \T 1 UOOffl-1 

IMIU\\LS \mit INI.ISTION or 10 CM L.^\OL03E 

Calcium m 
pel 100 
serum 

Inorganic 
pliorus in 
per 100 
scrum 

i 

■*3 

3 1 

^ ; 

O 

1 llOUl 

11 ; 

2 

r- i 

1 

2 hours 

to 

Sfl 

2 “ 

Ss 

(3 

21-10-29 

i(ro 

4 4 

S5 

0-115 

0'173 

0-1S9 

0 200 

I 

0179 

55 

4-11-29 

10*5 

4 2 

S5 

0 111 

0131 

0-131 

0'127 

0-113 

17 

12-11-29 

12-0 

4 4 

154 

0170 

0 1S2 

j OrlSl 

0-17S 

0-1S2 

12 


Ejject of viUunin D a)id of vitanuns A and D on the blood chemisti]j in fow 
I cases of osteo))ialacia 


Obscivations wcie made on the changes m seuim calcium and inoiganic 
Sisphouis and on the plasma cliolesteiol in foin cases of osteomalacia diiung 
4 admimstiation of vitamin D plus, m one case, vitamin A The patients 
imdci the caie of one of us (FI ) Table V shows the lesults 
^ n two patients, Nos 1 and 2, tbeie was maiked hypocalcreniia on 
6 ion and the moiganic seium phosphouis was well above noimal Bo i 

cie tetany In the othei two the calcium value was somewhat low o 

phoiub was within noimal limits No signs of tetany weie piesen 
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Table III 

Effects of vitamin D 

Nos 1 to 7 leceived ‘ Radiostol ’ in daily doses of 2 c c and Nos 8 to 11 
‘ Yigantol ’ m daily doses of 1 2 c c 


No 

Date 

N ame 

Disease 

1 

15-10-29 

21-10-29 

29-10-29 

C R 

Pulmonan tuberculosis 

2 

16-10-29 

24-10-29 

S R 

Do 1 

3 

18-10-29 

22-10-29 

30-10-29 

A D 

1 

Do 

4 

23-10-29 

29-10-29 

S S 

Do 

5 

19-10-29 

25-10-29 

iM H 

Do 

1 

6 

21-10-29 

4-11-29 

11-11-29 

B S 

Epilepsy 

7 

24-10-29 

1-11-29 

11-11-29 

N S 

Nephritis 

8 

14-11-29 

2-12-29 

R S 

Malaria 

9 

20-11-29 

J 

Chronic malaria 

10 

29-11-29 

s s 

Pulmonan' tuberculosis 

11 

2-12-29 

11-12-29 

1 

G S 

Do 


Sei um cal- 
cium in rag 

Inorganic 
serum phos- 
phorus m 

Plasma 

cholesterol 

pel 100 c c 

mg pei 
100 c c 

in mg per 
100 cc 

14 5 

42 

120 

16 0 

44 

188 

12*0 

37 

169 

12 8 

3-4 

231 

12 5 

47 

162 

14 5 

44 

169 

13 8 

53 

163 

16*0 

ff4 

149 

13 5 

46 

152 

14 5 

57 

131 

130 

42 

120 

12-5 

3*6 

189 

16 0 

44 

85 

16 5 

42 

85 

12:0 

44 

154 

13 0 

45 

235 

12-3 

4*6 

150 

118 

3-6 

157 

12 8 

33 

149 

113 

50 

146 

16 4 

41 

106 

113 

53 

119 

117 

41 

92 

10-2 

44 

108 

12-3 

41 

85 

11 1 

38 

92 


nfL. Q " was latei put on Vigantol The 

0 he, 3 .e.e given Vigantol only The diet contained an nbundLe of 

ealcuim and phosphorus ^iijuiiuance oi 

It is seen that in all four a rise m the seiuni calcium was produced The 

oigimc pi osphoius was incieased in all excent No 1 m wLn +l \ 

the intienls ivitl. low initial ealc.n™ ,.al„e, a.e inciease in tfns elemeZn ft” 


int Souiti ('nUiHW and Plasma Cholesterol. 

„r„,v ImpioviintiU, iio\\o\ci, a-j levctilcd both subjectively and by 
^ ' ini' M« -'ll e iiii' wiun the ''eiuin ("ilcumi was stationaiy and below 

l' III,, th U the (hivyed use was not due to non-absoiption fiom 

- ' n't bill 1 uhti to ihc 1 ut th it deposition in the bones almost kept pace with 
.. t’diiuin eiittis the blood both fiom the intestine and fioin the 

• M* iKp-its iml idles it to be deposited in the skeleton oi excieted The 
! el oi tin. lilood inlcium m ostcomakiei.i is theicloie not necessarily an indi- 
1,1)11 01 till 't-ii-'iiii piogicss ot the disease Thus a state ot hjpeicalcaetnia 
\ i)t lound in sevcie untieatcd cases (Hughes, Shiiiastava and Sahai, 192 %, 
{' ID) oiling picsumably to eveessue libeiation of lime fiom the skeleton, 
mh i' OL tails m hvpei-piuath} loidism, oi it may oceiii dm mg administiation 
ui \iltmm D owing to inci cased absoiption 

Tvblc IV 

Eljcctii 0} vitamins A and D 


(Radiostolcmn in daih doses of 2 c c ) 



M 

1 

Name 

Di-o i«o 

1 

Seium cal- 
cium m mj: 
pel 100 c 0 

Inoigmic 
serum phos- 
phoius m 
mg per 
100 cc 

Plasma 

cholesterol 

m mg per 
100 cc 

1 

6-11-29 

S S ’ 

PiUmonaiy tubeiculosis 

116 

51 

132 


18-11-29 



117 

52 

112 


21-11-29 



12-3 

53 

lOS 

2 

6-11-29 

A D 

Do 

121 

48 

136 


19-11-29 



in 

51 

123 

3 

7-11-29 

B S 

Do 

14 2 

32 

54 


18-11-29 


! 

15 5 

4-2 

117 


21-11-29 

1 



10-5 

44 

113 

4 

13-11-29 

B 

Normal 

12-7 

39 

113 


I 27-11-29 



15 2 

3-5 

107 

5 

4-12-29 

M 

Do 

12 7 

39 

109 


18-12-29 



11*5 

42 

112 


A study of the blood chemistiy to tieated and untieated cases would lead 
one to infei that in this disease theie is inteifeience with the noimal exchange 
of calcium and phosphoius between the blood and the bones, as well as defective 
absorption of these elements from the intestine and that some factoi othei than 
deficiency of vitamin D plays a part in its causation In a pievious paper 
(Hughes, Shrivastava and Sahai, 1929b) w^e gave reasons foi assuming that 
avitaminosis A was partly responsible Hams (1930) holds that, while 
vitamin D influences calcification in cai triage, tiue osteogenesis is determined 
by vitamin A alone Improvement in Case 1 was most maiked when vitamin A 
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a high ceieal diet which, as Mellanby (1930) has shown, aggiavates the effects 
of a shoitage of fat-sohible vitamins "When theie is an inci eased demand for 
calcium and phosphoiiis such as occius duiing piegnancy and lactation exacer- 
bations of the disease aie to be expected A piopei evaluation of all the factors 
concerned can only be obtained by determination of the calcium and phos- 
phoius balance of patients undei vaiious conditions 

In Case 1 all signs of tetany had disappeaied when the seium calcium had 
leached 8 95 mg pei 100 c c and in No 2 when it reached 8 1 mg When the 
calcium had iisen to 9 6 mg in No 1, administration of laige doses of alkalies 
foi 24 houis enabled a positive Chvostek’s sign to be elicited It is the amount 
of ionized calcium in the blood and not the amount of total calcium which is 
concerned with the pioduction of tetany and the number of calcium ions is 
reduced m a condition of alkalosis Under ordinary circumstances about 1/5 
of the serum calcium is in the ionic state In our previous senes of cases 
calcium values of 9 2 and 9 77 were found in isolated obseiwations on patients 
who veie said to have had tetam In one of these spasmodic twitchings of 
the fingers vere seen during the withdrawal of blood from the vein The 
oidinarv tests for latent spasmophilia were unfortunately not done, but if this 
conditron was present with a serum calcium of more than 9 it was probably 
due to alkalosis * 

The inorganic phosphoius was above normal in the twm low calcium cases 
and at the upper limit of normal m the other tw'o In the high calcium case 
in the previous senes it w^as low These facts suggest that a sort of reciprocal 
relationship mav exist betw^een the seium calcium and inorganic phosphorus m 
untreated patients Findings m other ca«es, however, show that this relation- 
ship IS not universal 

The cholesterol findings aie 4ill without an adequate explanation Various 
ideas suggest themsehes such as the lelationship of cholesteiol to fat absorp- 
tion, to calcium deposition oi to the presence of fat-soluble vitamins in the 
luei but theie is no evidence at present to support any of these 


COXCLTJSIOXS 

1 It has been confirmed that the serum calcium m normal residents of 
the Punjab is higher than in normal mlrabitants of temperate climates 

2 Oral administration of vitamin D or of ntamins A and D produced a 
ii^e in the seium calcium m 3 out of 16 individuals wdrose initial serum calcium 
was within oi abore normal limits The plasma cholesterol w'as appreciably 
increased m 4, in two of whom it was oiiginally subnormal In two subjects 
a high pH'^ma cliolc^teiol fell wdien vitamin D was given 


Hunter {Lancet, 1930, I, p 999), records a positne Trousseau sign in a patient suffering 
from idiopathic steatorrhoea when the senim calcium was 10'S mg per 100 c c " ^ 
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3 In a patient A\itli ulioii.itluc epilei)t>y in ulioiii the toleiancc to laivulose 
^^ab dcfectne, athninibtiiition of Mtmnin D ^\a'5 followed by nnpiovement m 
Iteviilobo tolcinnce and by an ineicabc in the phibina ehulobteiol from a sub- 
noimal to a noimal level 

4 Obsenatioiib weie made on the elteet of Mtainiiib A and D on four 
cases of osteomalacia The iclatioiibhip of thcbe Mtaimiib to the pathogenesis 
osteomalacia is discubscd 

Thanks aie due to jMajoi PI S Anand, ims, Pioicbboi of Physiology, 
King Edw'aid jMcdical College, Lahoic, foi jieimib-'ion to woik m his Laboiatory 
and to Di B S Bhandaii foi abbi^tanoc dining the iiucbtigation 

The expenses of this leseaich w'oic defiajed by the Indian Rcseaich Fund 
Association 
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THE INFLUENCE OF AGE AND TEMPERATURE OF 
STORAGE ON THE STRENGTH OF CHOLERA 
VACCINES 


BY 

Rao Bahadur V GOVINDA RAJU, ba, 

Snpe) intendent, Bengal Vaccine Labot atoi y 
{Bengal Public Health Department ) 

[Received foi publication, May 30, 1930 ] 

While examining seveial samples of choleia vaccines manufactured in 
vaiious laboi atones in India it was strikingly noticed that the strength as 
judged by opacity was actually considerably lowei than was stated on the 
label itself Such discrepancy was also found in the case of choleia vaccines 
prepared in Geiman and Ameucan laboi atones This meant apparently that 
either theie has been an erroi in the standaidization of the vaccine oi there 
has been a deteiioration in the stiength of tlie vaccine since it was prepared 
and standardized Obviously the subject is one on which some precise infor- 
mation is desirable if the standardization of the vaccine is to be performed 
accurately 

W W C Tople> (1926) reviewing H C Biown’s letter (1925) to the 
Lancet observes ‘Most of us who have an extended experience of counting 
bacteria will probably agree that the opacity method, carried out with all 
possible precautions and in the hands of an ex^rellenced woikei, is capable of 
giving results of a high degree of accuracy’ While the above view may be 
taken as typical of the opinion of bacteriologists in this country also, the writer 
has reason to think that no umfoimity exists in the time that may be per- 
mitted to elapse between the making of the cultural emulsion and the deter- 
mination of the opacity test While pieparing small quantities of autogenous 
vaccines foi tlieiapeutic pui poses it is customaiy to cany out the opacity test 
as soon as the emulsion is made This, however, is rather difficult m large 
scale manufacture of prophylactic vaccines piepaied from several strains In 
the latter case it is more convenient to defei the standardization till the 
contents of the culture bottles are tested for piuity and sterility and pooled 
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togothci in stock \ iccino bottles Castell.ini and Cli.ilinci-^ (1919) foi instance 
allow the caibuli/5ccl vaccine to stand at looin tcmpei.itinc foi 24 liouis before 
standaidi/ing I'lic piactice in some laiioiatoiic's in Iiuli.i is to eaiiy out the 
tc'bt on the fouitli oi lifth da\ when tlu stuck vaccine bottles me passed foi 
steiility Tins makes it neces-ai\ to deteiinnie it the caccnie has not undei- 
gonc any alteiation in its opacitc dining the pciiod elapsing between the 
piepaiation of the emulsion and the canjing out of the test foi its sticngtli 

TciluiKiuc employed 

Douglas tigai medium (tnpsinued mutton) and agai loll eultincs were 
employed Aftci eighteen liouis' incubation the giowth was emulsified in noimal 
saline The opacity leading was at once taken and tlie emulsion was eaibohzed 
and left foi vai 3 mg peiiods at a loom tempeiatuie ol 90°F Dining the fiist 
week the opacity leadings weie taken daily and siibscciuentlv at weekly 
inteivals foi a month In some expeiiments the \aecinc was kept at loom 
tempeiatuie piotccted fiom light 


Residts of stoiaye of choleia vaccine at worn tempeiatuie 
In all 29 expeiiments weie caiiicd out foi ascei taming the ^allatlons in 
the opacity of the vaccine dining stoiage at loom tcmpoiatino In only 
4 expeiiments did the vaccine lemain unalteied cccn foi a day while kept at 
the loom tempeiatuie In even these foui cases a maikcd i eduction in opacity 
took place aftei twm days In all the lemaimng expeiiments a piogiessive 
1 eduction m opacity w'as noticed beginning hoin the fust daj'’ and up to a w^eek 
The 1 eduction in opacity subscciuentlj’^ is not so lapid oi piogiessive, tnc 
biggest cliO]) having occuiud in the fiist w'eek only Of 29 i accines cxe mined 
17 showed on piepaiation a sticngth of oi above 40,000 millions pei cc, but 
aftei a day’s stoiage at loom tempeiatuie only 2 show'ed a stiengtli of even 

40.000 millions and aftei a wmek’s stoiage 28 samples showmcl a stiengtli of 

15.000 millions pei c c oi less The above figines maikedly bung out the loss 
of stiengtli as judged by opacity of the eaibohzed choleia vaccines wdien kept 
at loom tempeiatuie in the plains The average strength of all the 29 vaccines 
at the time of piepaiation and aftei stoiage at the lOOin tempeiatuie foi a 
month wms found to be as follows — 


Freshly 

made 

49,000 millions pei 

c c 

Aftei 

6 

daj's 

16,000 millions pei c c 

After 1 

day 

29,000 



14 

yy 

15,000 

2 

days 

25,000 



21 

}y 

13,000 

» 3 


19,000 


yy 

28 

yy 

12,000 

„ 4 


18,000 





/ 


To find out how fai the i eduction in opacity could be ai rested by main- 
taming at a low tempeiatuie, 18 samples w'eie kept in cold stoiage at -c > 
a coi responding sample being kept at the loom tempeiatuie (90°F ) 1 

results show a gieat impiovement Even aftei a month’s stoiage the i eduction 
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IS found to be less than what took place m a clay at the lOom tempeiatuie 
The aveiage “^tiength foi the 18 sainplcs kept at 32 F was as follows 


Freshly made 49,000 millions per c c 
After 1 day 41,000 „ „ 

„ 2 days 39,000 „ „ 

„ 3 „ 3S,000 

„ 4 „ 38,000 


After 6 days 37,000 millions per c c 

„ 14 ,, 36,000 „ „ 

„ 21 „ 33,000 „ 

„ 28 „ 32,000 „ 


While the low tempeiatuie does not altogethei pi event the i eduction m 
stiength, it, how'e\er, consideiably leduces the amount of the lysis oi diminution 
m opacity 

Anothei inteiesting point noticed in the course of the above expeiiments, 
IS that m the case of the caibolized choleia vaccines the leduction in opacity 
dm mg storage at lOom temperature is much greater in the case of vaccines 
of high stiength than m the cases of vaccines of low^ stiength Taking the 
29 experiments the vaccines w'eie divided into tw'o lots, one showing a strength 
of 45,000 to 80,000 millions per cc (average 59,000 millions per cc) and 
anothei lot showing a stiength from 30,000 to 40,000 millions pei cc wath an 
average stiength of 35,000 millions per cc The reduction in opacity m each 
lot was w'orked out separately The following table shows that the percentage 
reduction is greater m the case of the stronger vacerne than in the weaker 
one — 


Table I 

Peicentage 1 eduction in opacity of caibolized choleia vaccine dunng stoiage 
at loom tempeiatuie foi varying peiiods aftei piepaiation 


High strength 

Low stiength 

I High strength | 

Low strength 

After I day 47 per cent 

23 per cent i 

I Aftei 6 days 73 per cent 

I I 

54 per cent 

„ 2 days 56 

34 

« 14 „ 74 „ 

60 

„ 3 „ 68 „ 

46 

„ 21 „ 78 „ 

63 

„ 4 „ 69 

48 

.. 28 „ 80 „ 

66 


In either case, as alieadj mentioned, the biggest drop occurs m the first 
tw'ent>-foui hours After 48 hours also a fairly big drop takes place Sub- 
sequent to that only a slight but piogiessive reduction in opacity is noticed for 
a month 

It was thought that the above autolysis may be due either paitly or totally 
to the influence of light Several experiments W'eie conducted to determine the 
influence of light on the opacity of the vaccine up to a period of six months 
It w'as found that in the causation of lysis the influence of light was negligible 
AVhethei exposed to light or carefully protected from it, the vaccines kept at 
loom temperature underwent considerable reduction in stiength Even at the 
low tempeiatrue of 32°F , exposure to light had no efliect in influencing even 



Strength of choleia vaccine immediately aftei piepaiation and aftei stoiage foi 
vaiying penods at loom tempeiatwe 90°F and at 32° F 
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the compaiatnely slowci autolj-^is of the vaccine It ^\as, howevei, found 
that expo^uie to light lajiulh tinned the vaccinc'i biownibh The oiigin.il 
coloui ot the laccine \\a'^ niaintiUned foi a much laigei peiiod wiien the vaccine 
i\as coinpleteU piotectcd lioin light dining -toiagc luthei at the loom tcnipcia- 
tiiie 01 in the lefiigeiatoi 


Conclusion 

(1) Caibohzed tholcia \acimes lapidh undeigo piogics-^iie autolysis and 
leduction in opacit\ i\hcn kept at looni tempeiatmc in the pi uii^ Even ivitliin 
tMent\-foiu lioiiis the opacit} ma\ be coii'ideiabh i educed, especially if the 
vaccine is of high stiength In ibout a week's tune the stiength may be 
lecluced to halt the oiiginal -stiength and iflei a month nun be only one- 
foiutli 01 one-fifth the oiiginal -stiength, a-> ailjudgcd bv ojiacitN This auto- 
lysis may be gieath letaided h\ keeping the \accmc m a lefiigeiatoi at 32°F 
To obtain accuiate lesults it is c^-ential to •'tandaulize the \accine iiiiniediately 
aftei its piepaiation 

(2) Exposiiie to light docs not seem to be the cause of the autolysis as 
even in the claik siniilai autolysis wms obscived wdien the vaccine is kept at 
the loom tempeiatuic E\posinc to light, howeici, has the eftect of alteiing 
the coloui of the vaccine to daik biowm 
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SOME FINDINGS AND OBSERVATIONS IN AN ANOPHELINE 
MAT. ART A INPEOTIVITY SURVEY CARRIED OUT 
IN THE CACHAR DISTRICT OP ASSAM 

BY 

G C RAMSAY, o b e , mb (Edm ) , d t m h (Eng ) , 

Princi'pal, Assgdi B)cinch, The Ross Institute, London 

Fomeily Medical Office) in Chaige, Labac Coitial Hospital, Dewan P 0, 

Cachai, Assam 

Introduction 

CovELL (1927) in the mtiodiiction to his Memoii ‘A critical leview of the 
data lecorded legaiding the tiansmission of malaria by the diffeient species of 
Anopheles, with notes on disti ibution, habits and bieedmg-places ’ stated that 
in India since 1902 compaiatively little research m this diiection has been 
earned out nith the exception of the woik of Bentley in Bombay, and of Gill 
in the Punjab Duiing the eaily stages of my investigations in 1926, on 
Assam’s malaria problems, it became appaient to me, on leviewing the available 
hteiatuie at mv disposal, that comparatively little research had been earned 
out on the lelative infectivitv of the Anopheles of Assam Realizing the 
impoitance of moie complete data, if Assam’s malaria pioblems were to be 
tackled m an efficient mannei, fiom point of view of species control, I decided 
to undertake an extended infectivity suivej’’ 

The findings and observations, winch aie recoided in this publication, aie 
based mainly on dissections of adult Anoplielme mosquitoes, caught in Nature, 
from April 1st, 1927 to Maicli 31st, 1930 

One month befoie I began this survey, one of my establishment proceeded 
to the School of Tropical Aledicme, Calcutta, for training in mosquito dissection 
and vith the object of being shown Cuhcine mosquitoes infected, expeiimentally, 
nith biid malaiia TJnfoi innately, at that period, infected mosquitoes weie 
not available for demonstiation pui poses As neither myself nor any of my 
stafi had seen either ooevsts oi sporozoites in then unstained natural state m 
dissected mosquitoes, the initial stages of tins investigation were indeed very 
tiling incl hare made me smeereh appreciate the researches and discoieiy of 
Sn Ronald Ross In the earlv stages of this work, befoie I became thoioughly 
acquainted with the noimal and abnormal contents and appeal ances of dissected 
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ino&quitoc"-, I oncoiiiiteiod tlie u-iual |ntf.U!> awaiting inexpoiionce in a specia- 
lued s^ubjct-t In tlie-'e eaih dax-^, I iinagincd I liad ''Cen oocxst infection m 
-1 nnyias and in I Kaiwan, but onlightoninent tame with expeiience and «oon 
eiublcd me to leiogm/e gemiine mdaiial mfeition iiom p^ieudomorphous 
objects nvuiini; the tiuee \eais’ svu\e\ twcntN-fuo membeis ot nn anti- 
mahiia establishment weie at one jieiiod oi anothei engaged in mosquito 
dissection Tlie mcinbeis ot nn anti-malaiia establishment, who were engaged 
in this infectuitx sui\e\, have all beta letiuited in this distiitt and mainly 
fiom hospital establishments m the Labae Medital Pnittioe Foiii dissecting 
micioscopes wcie available in m\ laboiatoiv until the end of Deceinbei 1927, 
theieaftei the suvvev was earned on with two dissetting micioscopes The total 
numbei of adult Anopheline mostjuitocs caught in Natiiie, and dissected, m the 
peiiod imdci levievv was 12,300 and eompiised 18 species The mosqvntoes 
vvoie caught piacticalh entuelv m collecting tubes m human habitations, cow- 
sheds and hospitals In the eailv stages of this investigation I cxpeiimented 
with vaiious tv lies of mo'^quito tiajis, but the tiajis cmjdoved were cumbeisome 
to handle and uusatisfaetoiv as collecting media I '^oon discaided tiaps, as 
I found it was moic piactical to collcet the numbei of Anopheline mosquitoes 
lequned foi dissection daily in collecting tubes The collecting tubes were 
sent eailj even moinmg fiom vauous tea estates in the Cachai distiict to the 
Labac Laboiatoiv, and the mosquitoes vveie kept in globes, coveied with gauze, 
until thej had digested then blood meal In oidei to stnmilate inteicst amongst 
the local labouieis einplojed on tea estates, but mamh to facilitate collecting 
mosquitoes in human habitations, I gave, duiiiig 1927, a lewaid of one lupee 
to each ovvnei of a house oi cowshed, in which an infected Anopheline mosquito 
had been captuied 

Theieaftei, owing to the scaicity of adult A ininiimis and A lamsayi on 
guldens, vvdieie anti-laiv’al measiucs had been instituted, I incieased the lewaid 
to two annas foi each adult A minimum- and A inmsayi caught, m addition to 
one lupee foi any Anopheline mosquito found infected with nialaiia The 
mosquitoes collected and dissected weie, howevmi, piincipally fiom aieas vvheie 
anti-laival measuies had not been applied In 1927 the numbei of tea estates, 
wdiich wmie being conti oiled by anti-laival measuies, was vmiy limited, the 
numbei was gieatly mci eased in 1928, and again moio estates came undei 
conti ol dm mg 1929 In the conti oiled tea estates it was cxtieinely difficult to 
find adult A minimus mosquitoes foi dissection pin poses The scaicity o 
A lamsayi, m the dissection lecoicls aftei 1927, wms due to the eiadication o 
the mam bleeding aieas of this species eaily m 1928 

Some findings and observations 

The numbei of each species dissected and the malaiia findings aie lecoided 
m Table I , 

The lesiik^of dissections and the numbei s of the vuaiious species diss^ec, 
duimg the vaiioivis months of the ycai, aie lecoided m Tabic II to Table ^ 
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Table I 


Anophehne mosquitoes dissected from 1st April, 1927 to 31si March, 1930 


No 

Name of species 

Number dissected 

Results 

Glands infected 

Gut infected 

1 

A minimus 

3,874 

27 

59 

2 

A ramsayi 

287 

1 


o 

O 

A kochi 

2,094 


2 

4 

A vagus 

7,601 



5 

A kanoan 

9,242 



6 

A maculatus 

3,374 



7 

^ jeyponensis 

888 



S 

A cuhcifacies 

120 



9 

A tessellatus 

95 ! 

t 


10 

A acomtus 

1,661 



11 

A jithginosus 

335 



12 

A phihppinensis 

6,895 



13 

A hyrcanus 

5,461 


* 

14 

A jamesii 

162 



15 

A barbirostus 

26 



16 

A aitkenii 

6 



17 

A leucosphyrus 

175 



18 

A Iheobaldi 

4 




j Total 

42,300 

28 

61 


while on the giaphs aie recorded the maximum and minimum temperatuies, 
the vapoui piessuie oi absolute humidity, the lainfall, and the dates w'hen 
mosquitoes weie found in Natuie to be infected with malaiia In studying 
these findings, it will be seen that, in 42,300 dissections, only eighty-nine 
mosquitoes weie found to be infected wuth malaria The infected mosquitoes 
Mere caught almost entiiely in highly malarious sites Of the eighty-mne 
mosquitoes eighty-six belonged to the species A minimus, of wdiich 
species 3,874 were dissected While, of the thiee lemaimng infected 
mosquitoes, one nas Anopheles lamsayi, of which species 287 weie dissected 

T, MR 12 
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AuophcJutc MdhiiHt hifiu til iti/ Sinii-ii in As‘^(n)i 

*^1 aD \\ui Aiioi>li( l( ' Ln(lii «u whuli “'picu-' i.OUl uiio dbicctcd 

thi’-'t i‘i”ht\-iinu iiioMjUilm -'ii\ wtit iiiui'lit m Imraan 

" A\hik onh thui um < lUi^ht m cow-^lutk Tht three infected 
01'' ( uijilit in (ow-luil-' uui tv.o I minimus uul one I laima’ji 
nuiiiin^is, wall -|t(Hi)/oU( miKlion in the -alu'iu e;huuh, al=o had 
ocyst infcctio Pm m not imliului in Table I, under 

the heading ition 1 In m i\iinuin numhi i oi >0011 in an inlected 

gut 1 ih"-t<nun itM)i<k 11 uouhl ipnt ii t!i it I inuniim] 


Anophehne mo^quitoi 


s di' 


1 \!i! ‘ II 

‘ '’>11 'I'll t I • 

ihli) 


ii'onth oi Jnnniiiij 192S, 1929 owl 


■^o 1 Name of «pecu 

i vwwiixts 
I A jfyponcn’is 
aconilns 
A vagus 
A kochi 
I A hyi ennus 
I A pJuhppnicJisis 
A kariuan 
A maculalus 
I A jamesa 
A aitkenu 

Total 



Ut^ius 


I >1' il 


Cil mi!-' 
mu ill i{ 


Gut mlccled 


1 

o 


9 ! 

1 



2 17 



•J 

( 1 

1 


1 

1 

t i 

i 



’ 1 

J.bJS j 



Assm Tile peuod. o„ of ranlauo m 

"tiiifUnor^ss r “»>:!' ;,:r;”;irio"ucc::;u 

2 7 pel cent, but uefcually the poi _ t|,e inf««‘'on “ 

capable of tianemitt.ug malaua fte 

aahva.;- gtode ivae f.om ^“Nihe,, mfeeted w, > 

to Decciubei 9tn 
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theiefoie that tlieie is, m Cachai, a definite peiiod duimg the yeai, when mos- 
quitoes do not become infected with malaiia This finding is m keeping with 
the effects of climate on the life histoiy of .-I iinnimits The effects of climate, 
on plant life m Assam, has been well desciibed by Harler m the Quarterly 
Journal of the Scientific Department, Indian Tea Association As Harler's 
publication is equally of gieat impoitance, when applied to Assam malaiiology, 


Table III 

•Lnophebne mosgvitoes dissected dioing the month of Fehvxiaiy 1928, 1929 and 

1930 



1 

1 



1 


Results 

No 

Name of species | 

192S 

1929 

1930 

Total j 

1 

j 

Glands 

mfecterl 

Gut infected 

1 

A vwnmus 

64 

1 

41 

34 

139 



2 

^ ramsayi 

1 

15 ‘ 


16 



3 

A acomtiis 

57 

259 

47 

363 


' 

4 

A leyporieusis 

104 

26 j 

16 

146 

1 


1 

5 

A Kocht 

52 

80 

42 

1 174 

1 


6 

A kanuan 

269 

280 

666 

1,215 



7 

A hyrcanm 

112 

183 

137 

432 


• 


1 

A phihpptnemis 

72 

179 1 

274 

525 



9 

A fitligtiwius 

4 

1 

1 


4 


i 

10 

A vagus 

29 

9 

112 

150 



11 

A barbirostris 

2 

1 


3 



12 

A maculatwi 

4 

38 

22 

64 



13 

A jnmesn 


4 

2 

6 



14 

A leitcosphyrua 



1 

1 




Total 

770 

1,115 

1,353 

3,238 




especialli from the point of view of lainfall and temperatme, I take the liberty 
to quote his aiticle freely In 1922 Hailei WTote ‘ the monsoon in Assam differs 
consideiablv from that experienced generally in Northein India In pro\nnces 
othei than Assam, the thought as a rule continues till about the middle of 
June, and the rams cease towards the end of September The ram corresponds 
with the moving noith of the thermal equator, and the steady - ^Nir 



[iioplirlnu' Mdldtiti !)}}( ctii ih) SiDtrif in 




lioin till (’iiitiil V-'Mlii jil.iti.ui imuinmi^h .ii i I'litiuito'. the inflow of lain- 
bo.uinu; wimh to Xmtli Inili.i 

* In niu>l p!llt'^ ot ^^^)ltll Indni tineo (lefiniU >'tii''()n>, told, hot and wet, are 
(lis-tingui'-hcd, hut m V-'-^iun thou me unn'hly two, the cold, diy season and 
the wot wmin one Dining the pciiod Mmth, \piil, jMa\, the weathei is 

Tvbll IV 


Anopliclinc inos(imtoct> dis'.cdcd dunnq the month of Mmch 1928, 1929 and 

1930 


No 

X uiu' of '-preiO'J 

I02S 

! 

1929 

1 

1 

1 

1 

19 50 

1 

1 

1 

Totil 

Ri 

1 Gl mils 
mtected 

:SULTS 

Gut infected 

1 

.1 

26 

19 

1 

i 19 

121 



2 

A Taimnyi 


11 

1 

11 



3 

A jcyponcitv'i 

5S 

16 

21 

9S 



4 

A acomlrn 

62 j 

101 

15 

17S 



5 

A inaculnltts 

15 

III 

i 51 

207 



6 

A Kochi 

CO 

o 

90 

IS 

216 



7 

A Kmwan 

331 

261 

GIS 

1,210 



8 

A hyicanns 

153 

1 

156 

103 

412 



9 

A philippinensis 

50 

SO 

203 

333 



10 

A juhgmonn 

23 

5 

60 

SS 



11 

1 

A vagus 

54 

49 

200 

303 

1 


12 

1 

A harhii ostris 

2 

2 

2 

6 



13 

A tessellatus 

3 

5 


8 



14 

A jamesii 


2 

2 

4 



15 1 

1 

A leucosphyi us 


1 


1 



16 

A theobaldi 



2 

2 




Total 

915 

939 

1,407 

3,261 





changeable, and is ii'sually alternately hot and cool with a tendency to get 
hotter 

'In June the uptake of an fiom the Tibetan plateau becomes steady, 
the monsoon advances, so that up the Assam Valley a steady south-west wind 
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blows, and the sky is cloudy and oveicast for two months In August and 
September theie is a period of compaiative equilibiium, and cleai and cloudy 
skies alternate Eaily in August it is frequently obseived that the bieeze 
blows direct fiom the noith October sees the monsoon definitely in retreat, 
and the wund blows steadily fiom the north So fai as rainfall is concerned, 
there aie two critical peiiods in the season The first is in March, April and 


TjVble V 

inopheline mosquitoes dissected dunng the month of Apiil 1927, 1928 and 1929 


No 

Name of species 

! 

1927 ' 

1 

) 

1928 

1929 

Total 

Re 

: Glands j 

infected 

1 

StJLTS 

Gut infected 

1 

A mimmvs 

8 

104 

121 

233 

1 

1 

2 

A Locln , 

93 

118 

78 

289 

1 


3 

A vagus 

29 

300 

I 134 

463 



4 

J 

A karwan 

30 

190 

140 

360 



^ 1 

A maculatus 

4 

144 

410 

558 



6 

A jeyponensts 

1 

1 

61 

13 

75 

! 

i 


7 

A tessellatus 

1 

19 

15 

35 

1 


8 

^ A aconitus 

11 

9 

21 

41 

1 


9 1 

1 

A fubginosus 

7 

28 

6 

41 



10 

^ phihppinensis 

21 

24 

47 

92 

1 


11 

A hyrcanus 

94 

56 

125 

275 



12 

A leitcosphynis 

1 

5 

1 

1 

1 

6 1 

1 


13 

A barbirostris 


1 

1 

2 



14 

• A culicifacies 


14 

4 

IS I 



15 

j A janiesii 


1 

4 

5 



16 

] A theobaldi 


1 


1 

1 



17 

1 f 

-‘1 rajnsayi 



1 

1 

1 



Torn, 

300 

1,075 

1,120 

j 2,495 


I 


ilaj , and the other in September and October The ram seldom fails in the 
months between, but is usualh in great excess 

Tempet atia e and humidity ’ — Obseivations in connection with many plants 
show that the dominating factoi in plant giowth is tempeiatme Below 42°P 



540 


Aiiopliclinc Malana lufeUiuitp Smvei/ in Assam 


plant gioutli coatcb CIo-'L-Iv toiiel.iled witli teni])eiatuic and with lainfall is 
the humidit} of tlie alinoapheie It i-j fuithei neccssaiy to distinguish between 
1 dative and abaolute huniidiU In the cold wcathei, when a mist is lying 
about, the atmosphcie is aatuiated, and the idati\c humidity la 100 If the 
tcmpeiatuie ^^ele aiiddcnly laiaed about 10“F , the miat would cleai and the 
lelative humidit} would fall, aa it otten doca, to about 70, although theie is 
still the aame amount of luoiatuie in the atmoapheie, aa theie waa, when the 
an WMs coolei, i e,, the abaolute liumulit} la unchanged 

Tvbll VI 


Anophelinc inoi>(jiutoc6 di^bcctcd diuiiuj the month of May 1927, 1928 and 1929 


No 

Name of auctiea 

1927 

1 

192S 

1 : 

1929 

i ! 

i 

Tot il 

Rt 

Glands 

mlected 

■aULTa 

Gut infected 

1 

A miiuinus 

52 

211 

87 

350 

3 

3 

2 

A koclu 

91 

10 

59 

190 



3 

A vagub 

53 

350 

98 

501 



4 

A Juinvan 

106 ' 

\ 

44 

1 

59 

209 



5 

A inacidatus 

14 1 

98 

918 

1,060 



6 

A jcypoucnsib 

10 

31 

29 

73 



7 

A cidicifacies 

1 

81 

3 

85 



8 

A lebsellaliis 

3 


8 

25 



9 

A acoiutus 

24 

10 

11 

15 



10 

A fuhgmosus 

12 

05 

7 

8*1 



11 

A phihppinensib 

63 

22 

42 

127 



12 1 

A hyicaiius 

251 

51 

27 

329 


• 

13 

A jamesn 

1 


45 

46 



14 

A leiicospliyrus 


4 

4 

8 




Total 

681 

1,024 

1,427 

3,132 

3 

3 


‘Dm mg the nights m the lains the atmospheic is geneially satin atec, aw 
the lelative humidity is then 100, but the actual amount of moistuie m 6 
an IS often thiee times the amount piesent in the cold w^eathei, when ^ 
atmospheie is satuiated This diffeience is not measuied by the leaiy 
IiumiditY which is meiely the amount of moistuie in the an compaied wi 
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that necessary to satin ate the air at the same temperature This latter 
quantity varies with tempeiatme, so that the same amount of moisture may 
coriespond to any number of lelative humidities The relative humidity vanes 
greatly tiuoughout the day, and may altei from 100 at 10 am to 50 at noon, 
when the mist cleais This is especially the case m the cold weather The 
absolute humidity seldom shows such vaiiation, although it shows a steady 


Table VII 

Anophehne mosquitoes dissected dwing the month of June 1927, 1928 and 1929 


No 1 

1 

1 

Name of species 

1 

1 

1927 ’ 

I 

i 

1928 

1929 

Total 

Ee 

Glands 

infected 

StJLTS 

Gut infected 

1 

1 ! 

A minimus 

235 

132 

50 

417 

7 

10 

2 1 

A ramsayt 

27 



27 

1 

1 

3 ! 

1 

A kochi 

19 

63 

49 

i 131 

1 


1 

1 

4 1 

A vagus 

23 

224 

230 

477 



5 1 

A karwan 

142 

100 

294 

536 



6 

A maculalus \ 

20 

92 

1 491 

603 



7 

A ]eyponemis 

8 1 

31 

48 

87 

1 


8 

A aconUus 

8 

3 

12 

23 

i 


9 

1 A fubginosus 

10 

52 

5 

1 

67 



10 

i philippinensis 

115 

78 

144 1 

337 



11 

A hyrcanus 

112 

S6 

94 

292 



12 i 

1 

A barbiTostns 

1 

4 

1 

6 



13 

4 cuhcijacies 


16 

1 

17 



14 

A leucosphyrus 


27 

15 

42 

1 


15 

A jamesii 


1 1 

33 

34 



16 

A tessellatus 


11 

1 

12 




Total 

720 

920 

j 1,468 

3,108 

8 

10 


change over periods of days It will be understood that, before the absolute 
humidity of the air can be appreciably increased, there must be a hot period 
e\tending oi er =61 ei al dai s, and, at the same time, the nights must not be cold 
enough to piecipitate as dew all the evtia moisture taken up It usually 
hippens that light to the end of Maj. although the daily temperature rises to 
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90°F , the absolute huinidit}, dots not yieatlv meic.i^e, l)ecuu''e the night tem- 
pciatiucb fall to about 70°F In the inoii'-oon no such Ldl oecuis at night 
The (lUCbtion ol liuinidit\ ()niinidit\ ol an inc-'pcclue ol ininfall) lias an 
iinpoitant beat mg ol the giowth of tea well a^ .in insect and finigus .attack’ 
j\Iy obbcnations m Cuehai ha\e ceiiainK ■'liown me the impoitance of 
the eftectb ol lamfall and ol tempeiatme on the bionomica of Anophchne 


T.VBLL VIII 

Anophchne inot>qiutocb (hi,i^cctc(l (hniny the month oj Julij 1927, 1928 and 1929 



1 

j 





Elsults 

No 

Name ol siietics 

1 

1 

1927 

1928 

{ 

lyjy 

1 

Tot il 

GI nub 
mlectcd 

Gut infected 

1 

A »iutiinit6 

266 

218 

32 

516 

2 

7 

2 

A iamsayi 

35 



35 



3 

A kochi 

11 

37 

6 

77 


2 

4 

A vagus 

31 

31 

136 

321 



5 

A ka) wan 

125 

197 

276 

598 



6 

A maculaliis 

16 

182 

176 

371 



7 

A jeypoiicnsts 

15 

30 

29 

71 

1 


8 

A aconitus 

1 

i 

o 

7 



9 

A juliginosus 

S 

15 

3 

26 



10 

A philippinensis 

161 

SO 

399 

fa 10 



11 

A hyicanus 

88 

19 

127 

234 



12 

A jamesn 

1 

2 

24 

27 



13 

A aitkemi 

1 

2 


3 



14 

A leucosphyi us 

13 

45 

6 

64 



15 

A tessellatus 


7 

1 

8 



16 

A theobaldi 


1 


1 

1 



Total 

775 

913 

1,517 

3,205 

2 

9 


^ 1? 
‘Duii.Qncl especially on the bionomics of A nnninius As in plant life, 

le lelative a dominating influence on Assam Anopheline mosquitoes In 

js often thie. cold diy weathei, when the night tempeiatuies diop below 

jbere is sai^^ogqmtoes, and especially A minimus, cue seldom seen m 

which u-i adult stage Dining this peiiod of the yeai I foun 
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gicat difficulty in collecting sufficient Anopheline mosciuitoes foi dissection daily, 
wheieas dining the waiin steamy weathei theie was a supei abundance The 
inciease in numbeis begins iiith the using night tempeiatuies in Maich, leaches 
its peak point dining the steamy monsoon season, and suddenly deci eases with 
the falling night tempeiatures in Novembei The mosquitoes (including 
•1 minimus) collected and dissected duiing the cold diy weathei were found 
chiefly m cowsheds Cachai Anopheline mosquitoes, howevei, spend the gieatei 


Table IX 

Anopheline mosquitoes dissected dming the month of August 1927, 1928 and 

1929 


No 

Name of species 

1 

j 

1927 1 

1 

1 

1928 

1929 

Total 

Re 

Glands 

infected 

SULTS 

Gut infected 

1 

.4 minimus 

120 

65 

27 

1 212 

2 

8 

2 

A ramsayi 

19 



19 



3 

A Kochi 

35 

53 

52 

140 



4 

A vagus 

33 

105 

559 

697 



5 

A Kaiwan 

268 

270 

314 

852 



6 

A viaculatus 

15 

58 

30 

103 



7 

A jeyponensis 

23 

30 

10 

63 



8 

A aconiiiis 

2 

6 

1 

9 



9 

A fuliginosus 

5 

3 

5 

13 



10 

A phihppinensis 

327 

166 

426 

919 



11 

A hijrcanus 

186 

131 

103 

420 



12 

A leucosphijrus 

1 

14 

5 

20 



13 

A barbuostris 


3 


3 



14 

A jamesii 


1 

13 

14 




Tot CL 

1,034 

905 

1,545 

3,484 

2 

8 


pait of then life histoiy dm mg Decembei, January and February m the larval 
stage Under Kboiatory conditions during Decembei, January and February 
•i minimus m the adult stage can siuvive foi at least si\ weeks, wheieas dining 
the steamj monsoon season it is foitunate to survive for tliiee weeks Again 
imdei laboiatoiy conditions I have found in the warm steamy weather that 
A minimus will digest its blood meal and feed on human blood daily, while 
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cliiimg the cold diy \\cathci it is uitli diincult> that it can be induced to feed 
eveiy tliiee oi foui days These feeding expeiinients lefei, of coiiise, to mos- 
ciuitoes, \\hich ha\e been hatched out in the laboiatoi> Duiing the past year 
I had no didiculty in infecting two out ol thiee A minimub inosquitocs, fed on 
a subteitian gainetocjte caiiici, dining tlie inontli ot July 1929, but I have 


Tvull X 

Anoplietinc nwbqiutocb dibbcctcd duiiiKj the month of Septcmbci 1927, 1928 and 

1929 








1 

1 

i Rlsults 

1 

No 

N 

imo of -^ 1)1 cu a 

1927 

192S 

1929 

1 Tot il 

1 

I 

' G1 mils 
! infected 

Gut infected 

1 ! 

A 

imnimu^ 

71 

1 36 

2 

j 109 

1 

3 

2 

I A 

ra^Ubctyi 

OS 



! 08 

1 



3 1 

1 

A 

koctu 

21 

15 

25 

1 0-1 

1 



4 

A 

vagus 

126 

209 

511 

1 819 



5 

A 

kanvan 

220 

157 

1 

210 

593 



6 

A 

macidatus 

12 

15 

6 

33 



7 

A 

1 

jC7ypouensts 

14 

16 

5 

35 



8 

A 

aconitus 

1 

2 

3 

6 



9 

A 

Philippine nsis 

327 

277 

117 

1,021 



10 

A 

hijicaniis 

200 

168 

303 

671 



11 

A 

aitkenii 

2 



2 



12 

A 

leucosphyi us 

5 

o 

O 

3 

11 



13 

A 

haihn ostris 


1 


1 



14 

A 

juliginosus 


1 


1 



15 

4 

]amesii 



4 

1 

4 




Total 

1,070 

900 

1,498 

3,468 

1 

3 


failed to infect a single mosquito in tiventy of this species fed, duiing the day- 
time, on benign teitian, and on quaitan, gametocyte caiiieis, when the night 
tempeiatuies had diopped below 60°F duiing Decembei, Januaiy and Febiuary 
(1929-1930) Again, fiom my dissection lecoids, I find that 721 A mmmus 
weie caught and dissected between Decembei 22nd and Apiil 14th in what, 
fiom ocu piesent lecoids, would appeal to be the Cachai non-tiansmission 
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season, but, actually m Natuie, malaiia is appaiently being tiansmitted when 
the night tempeiatuies rise above 60“F cluiing the months of March and April 
In studying the giaphs it will be seen that infected mosquitoes aie found 
m Natme, after the night tempei atiires diop below 60°F The most obvious 
explanation is that these mosquitoes weie infected before the night tempei atures 
fell low enough to inhibit the feedmg stimulus of mosquitoes m human habita- 
tions 

Table XI 


■inopheline mo'^qmtoety dihf>ected dining the month oj Octobei 1927, 1928 and 

1929 








Results 

No 

Name of species 

1927 j 

1 

j 

1928 

1929 

Total 

Glands 

infected 

Gut infected 

1 

A mimmut. 

219 j 

12 

100 

331 

1 

6 

2 

A rnmsayi 

65 1 



65 



3 

A kochi 

66 

21 

17 

104 



4 

A vagus 

412 

203 

414 

1,029 



5 

A Karwan 

230 

242 

175 

i 

647 



6 

A inaculatus 

4 

13 

8 

25 



7 

A jeyponensis 

16 

6 

15 

37 



8 

A tessellatus 

1 



1 i 



9 

A aconilus 

3 

3 ' 

3 

9 



10 

-4 Philippine nsis 

488 

131 

238 

857 



11 

4 hy realms 

430 

274 

571 

1275 



12 

A jamesii 

2 


2 

4 



13 

A barbiroslns 

1 


2 

3 

j 


14 

A leucosphynis 

15 

1 

3 

19 




Totvl 

1,952 

906 

1,548 

4,406 

1 

6 


The effect of humidity on the infectivity of mosquitoes has been studied 
b^ seieial imestigators Recently Alayne wiites, ‘ Wenyon (1926) con-^ider^ 
that there is no evidence that the factor of the effect of humidity of the 
atmosphere phis am pait on the active development of plasmodia m 
mosquitoes Pioiided there is sufficient moistuie in the air to enable the 
mosquito to live, the malain paiasite will develop normally He regards 
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tempoiatuic ais a much moic impoitant factoi than humidity, and icfeis to 
Gill tl921) who, howcvci, ha'5 pointed out that tlie -'piead of malaiia may be 
attcctcd by the lack of hiiiiiiditj , beciui'-e the mo^quitocb, winch ingcat paiasites, 
niaj not live long enough foi ''poioi^oites to appeal in the aahvaiy glands' 
Gill (1921) and iNIavnc (192S) have coiielatcd the icbult-s of then mfectmty 
investigations wnth the iclative lumudu\ ol the atmospheic In the giaplis 
submitted it will be obseivcd that the \apoui picssuic oi absolute humidity 


T\bll XII 


Anophdinc niosf/iafocs ted duumj the month of Novembe) 1927, 1928 and 

1929 







1 

r 

, Results 

1 

No 

Name of tpuLiLs 

1927 

1 102S 

1929 

1 

i 

Tot il 

G1 incL-i 
, infected 

1 

Gut infected 

1 

/I mmimui) 

3S2 

5S 

207 

b-17 

10 

13 

2 

A tamsayi 

29 

1 

1 

1 29 

1 

i 


3 

A koclii 

131 

111 

. 12 

287 

1 

. 


4 

A aagus 

491 ‘ 

136 

566 

j 1,193 



5 

1 

A kanmin 

352 

249 

351 1 

952 



6 

1 

A viactdaliis 

1 

21 

4 

23 

4S 



7 

A jey-ponensis 

22 

16 

6 

11 



8 

A tessellatus 

1 

1 ; 


2 



9 

A acomlus 

63 

105 

29 

257 

1 

1 


10 

A fxdxginosiis ' 

8 1 



8 



11 

A phihppmensis 

603 

61 

175 

S?9 



12 

A hyreanus 

257 1 

120 

109 

486 1 



13 

A ;a?nesii 

3 

1 

1 

1 

5 

1 

1 

1 

i 

1 

14 

A leucosphyi us 

1 

1 1 

1 

1 


2 

3 

1 

1 

• 


Total 

2,364 

1 

925 

1,511 

4,800 

10 

13 


shows a high degiee of con elation with the ma\imum tempeiatuie dm mg the 
lainy season and geneially wnth the minimum tempeiatuie m the cold 
weathei The question aiises heie, wms it the fall m the absolute humidity, 
01 wms it the low aieiage mean tempeiatuie, oi again was it possibly uniipe 
gametocytes, which inhibited the development of malaiia infection m twen y 
A minimuB mosquitoes, which weie fed duimg the day-time on game ocy e 
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camels m my laboiatoiy, duiing the peiiocl of the year when the night tem- 
peiatuics had fallen below 60°F ? Hailci has pointed out, that, during the 
Assam cold weathei, the lelative humidity is high, and theiefore relative 
humidity did not appeal to be the factoi in inhibiting the malarial cycle from 
developing m these mosquitoes These mosquitoes weie fed duiing the day-time, 


Table XIII 

Anopheline mosquitoes dissected duiing the month oj Decembei 1927, 1928 and 

1929 


No 

Name of species 

1927 

1928 

1 

Total 

j 

Re 

Glands 

infected 

STJLTS 

Gut infected 

1 

A imnimu's 

329 

104 

119 

1 

552 

1 

8 

2 

A ramsayi 

16 



16 



3 

A kocin 

95 

134 

37 

266 



4 

A vagus 

324 

72 

684 

1,080 


1 

5 1 

A karwari j 

594 

190 

333 ' 

1,117 



6 

A maculatus 

138 

58 

56 

252 



7 

A jeyponensts 

29 

24 

10 

63 



8 

A tessellatus 

1 

3 


4 



9 

A aconilus 

48 

318 

54 

420 



10 

A juhginosus 

2 

1 


3 



11 

A philippmensis 

714 

64 

145 

923 



12 

A hyrcamis 

213 

94 

60 

367 



13 

A jamesn 

1 

2 

7 

10 



14 

A barbirostris 



2 

2 




j Total 

2,504 

1,064 

1,507 

5,075 

1 

8 


as they could not be induced to feed at night-time, that is, temperatme appeals 
to be the mam factor in contiolhng the feeding stimulus 

In Assam, the accuiate demarcation of the peiiod of the yeai when 
mosquitoes can become infected and transmit malaiia m Xatme is of meat 
impoitance, especiallj to employeis of labour, uho have to impoit non-immune 
labom to uncontrolled hypei endemic sites foi so-called cold ueather repair 
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woik '\.u exumplc of thw is biouf'ht out m u lettci fioin an cinployci of 
laboui, who iccenth wioto to me as follows, ‘ we lui\e had two lots of ficslily 
impoited laboui, one a batch of 75 men, wdio aiinctl on iNIaith 5th, and another 
a batch of 8 iivetcrs, wdio aimed on Maicli 2bth The ni^ht tempeiatuie rose 
to ovci C0°F on Maich 14th, and has lemamed up since On the 4th of Apiil 
the 75 men batch bolted cn bloc, as a huge numbei of them developed fevei 
On the 18th Apiil all the eight meters weic laid out with fe\ei, and had to be 
,=ent back on the 22nd as absolute wiccks’ 

Although, so fai, I have been unable to (aptuic an\ infected mosciiiitoes 
dining the month of Alaich, piactical expciienie has shown me that inalaiia 
iindoubtedh being tiansmittcd on hvpci endemic sites dm mg this peiiod of the 
veai The c^^sential factol^ aie a high gametocvte index, close pioximity to 
bieeding-placcs of .1 muu/aus, and night tcmpeiatuics o\ci 60 °r The difficulty 
in finding infected A imnvnus dm mg Alaich, Apiil and Max is also incieased 
by the effect^; of lainfall, as it is dm mg this peiiod of the \cai that A minunus 
inigiates fiom its wintci to its suinmei icsoits Fuithei, the low degiee of 
infcctixatv of immmuii m mx dissection lecoids dining jSIaich and A.piil was, 
to a laige extent, due to this species being caught in aicas w'lth a low garae- 
tocyte index 

When studying the giaphs of total ^ick lates and malaiia lates on malarious 
tea estates, it wall be obscixcd that the'^c lapidlv fall, when the night tempeia- 
tuies chop below 60°F But, again, an intimate knowdcdgc of the spleen lates, 
paiasite latcs, and the health of tea gaiden laboui foices, also of the bieeclmg- 
places of A mminms, shows that much inalaiia is being tiansmitted dining the 
months of Octobei and Novembei, and that many of these infections he latent 
until the folloxvmg Maich and Apiil The explanation xvoiild appeal to be that 
the resistance of the individual is incieased dining the cold chy xveathei This 
latency of malaiial infection has alieacly been demonstiated expei imentally by 
Sw'ellengiebel in Holland 

Pei haps some of the most impoitant points, which haxm emeigecl fiom this 
,'ieseaich, aie oiu negative findings, especially wuth species such as A viaciilatiis 
fand A acomtus, xvhich aie legaided as clangeioiis natiiial caiiieis of malaiia 
m the Federated Malay States 

In Cachai, A ~maculatus is only prevalent on tea estates situated neai the 
yfoot-hills I have made a special effoit, especially dining 1929, to investigate 

■ infectivity of this species on a tea estate wheie the spleen late, 
m boin childien, was, in 1928, ovei 80 pei cent The spleen late 
;e has been checked independently by Sn Malcolm Wacson, 
Di Biiice Mayne and by Di Meek, Medical Officei in charge of 
The following are the comparative findings m dissections o 
nd A maculatus, xvhich weie caught, on this estate, during the 
year, m Cachai, when mosquitoes liaxm been found to be iniec ec 
in Nature, that is fiom April 14th to Decembei 22nd 
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Results 

Year 

Name of species 

1 Number dissected 






Glands infected 

Gut infected 

1 

1927 

A minimus 

231 

5 

8 

i 

A maeulatus 

94 

Nd 

Nil 

1 

1928 

A minimus 

142 

1 4 

i 2 


A maeulatus 

158 

Nil 

Nil 

1929 

A minimus 

13 

Nil 

Nil 


A maeulatus 

1818 

1 

Nil 

1 

Nil 


It will be seen that 19 A minimus w'eie found to be infected m 386 dis- 
sected, wheieas 2,070 A maeulatus, caught in the same aiea, w^ere found to be 
uninfected It became early appaient, when seaiching foi A maeulatus on 
tins estate, that this species was exti emely difficult to find in human habitations, 
while it could be readily caught in cowsheds This, of couise, has been my 
experience with our common Cachar species such as A acomtus, A phtlip- 
pinensis, A vagus, A hyicanus, A IcaiiyanandA hoclii A immmus, however, 
except during the cold neather, is moie easily found m human habitations, 
than in cowsheds It is most easily caught, after having fed, on the wails 
and sometimes on the ceiling, in the sleeping room of two-roomed coolie huts 
from 8 pm until daybreak The smoke fiom cooking fires in the eaily part 
of the evening in a one-roomed hut is apparently the factor in limiting the 
numbers caught in this type of habitation That A minimus is a human blood 
lover IS obnous, when feeding expeiiments aie earned out in a laboratoiy 
Duiing the warm monsoon weather I find there is no difficulty in inducing 
A minimus to feed on human blood, but all our other Cachai species, with the 
possible exception of A cuhcifacies, wdiich is an uncommon species m this 
distiict, aie, in comparison, more or less hunger-stnkeis, and die early m capti- 
nty Although A minimus is a human blood lover, I find that it can be induced 
to feed on cow’s blood in a laboiatory In Nature, A minimus must often be 
foiced to feed on blood other than human On several occasions I have visited 
at mght-time, with members of my staff, known breeding areas of A minimus 
and other Anophebne species, wdiich were over a mile away from human 
habitations On these occasions A minimus, A maeulatus, A aeomtus 
A phhppmemts, A hyreanus, A kaiwan and A kocJn, also many Culicmes 
were caught regaling themselves wnth blood meals on myself or on my staff 
but it was obvious that, in the absence of human blood, A minimus in these, 
1 emote bleeding aieas could find available animal blood, as jackals and foxes 
weie seen quite close to these A minimus breeding-places 

The part played bj cattle and other animals in attracting ceitam species 
of Anoplieline mosquitoes, known to be carriers of malaria in Nature and 
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lheicb\ himting then attnek" on hnmnn being', i' nulcccl a foi Innate happening 
in thi" ihstiiLt 

In the Fcdeiatecl iMalas btate^, I find, on investigation, that the labour 
foicos cmplo^ed on the Rubbci Estate' aie engaged on 'hoit teim contiacts, and 
do not keep laige heid' of cattle, as tlie settled tea gaiden laboui forces do m 
Assam, hence A macnUitus and A acomlus, in the eoinpaiative absence of 
cattle, appaientlj tiiin then attention to mankind, and theiebv become efficient 
vectois of raalaiia 

Again, Sin’s findings in Bengal, ot the high dcgiec of infectivity of 
A phiUppinen^is, aie m diiect conti.ist to nn own findings m Cachai In this 
distiict A philippincimi^ lepiC'ents ovei 20 pei cent of the total Anopheles, 
w'lnch have been collected and classified dining the past loin jcais This 
species IS loimd biecdmg iiceh on teiiam piaeticalh tiee fiom malaiia, and, 
as I have mentioned befoic, it tecds chiefh in cowsheds Is zoophihsra the 
factoi m Cachai, wdneh picients species, winch aie known to be efficient caiiieis 
of malaiia, in Natine elsewhcie, fiom doing hkcwi'c in this distiict"^ Oi aie 
theie othei factoi In a leoent addicss on the contiol of malaiia in Assam, 
I mentioned the possibility of anothci factoi winch may hate an influence on 
the infectiYiU of diffcient specie', namely the chemical oi bacteiial contents 
of the watei, in which the 'pecies is toimd bi ceding Tins I am at piesent 
investigating bv coinpaiing the mfectivitv of species wdneh have been caught, 
in then laival stage, m the same w^atci as A minimus, and employing the 
infectivity index of A mimnms as a contiol I am also investigating the 
mfectivitv of A minimus, wdneh aie being bied out in the laboratoiy in vaiymg 
tjpes and degrees of contaminated w'atci, wdneh noimall^ w^oiild be avoided 
as bieedmg-places by this species in Natuie, but which w’ould be accepted by 
other species such as A vagus, A hyi conns, A phihppinensis, etc 

According to Covell {loc cit ) m 1919 Sw'ellcngiebcl, Schuffnei and S de 
Giaaf pointed out that the following questions must be answered m assessing 
the capabilities of any particular species as a factoi m ti ansmission 

(1) Does the species occiu m great numbers, oi is it rare 

(2) Is it capable of allowing the parasites of malaria to complete then 
development ? 

(3) Does it habitually feed on human blood, not only m captivity, but 
also in Natme'i’ 

(4) Does it feed in the jungle, oi does it regular ly visit man m oi neai 
his dwelling places ? 

(5) What IS the vegetable food of the females, and does it inteifeie with 
the development of the malarial parasites ? 

Swellengrebel, Schuffnei and de Giaaf ’s questions can be answ^ered, to a 
large extent, in Cachai, with the exception of the vegetable food of mosquitoes 
But IS the fluid imbibed by female mosquitoes in Natuie limited only to bloo 
and vegetable juices Again, another question auses do female mosquitoes 
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imbibe witei duung then visitations to then bieeding-places ^ And, if so, may 
not the bacteiial oi chemical contents, of imbibed water, affect the development 
of ingested galnetocytes iNIy e\peiience has been, that the watei which foims 
the bieeding-places of A minimus, m highly malai'ious sites, is cleai, unconta- 
minated vatei 

The laliie of malaiia infectnity surveys of Anophelme mosquitoes, caught 
in Natuie, has lateh been questioned Recently Mayne has stated that 
oocysts and spoiozoites in Anophelme mosquitoes, caught in ISfature, 
ma^ not be of the human laiiety The spoiozoites of bird malaria, as Mayne 
himself denionstiated in mv laboiatoij, can, of course, be leadily distinguished 
fioni the sporozoites of human raalaiia bj a tiained obseiver Again, the 
findings in this smie\, of mosquitoes caught in Natuie, appaiently have not 
been vitiated bi the possible complication ol monkey malaiia, as monkeys aie 
\en laielj seen in the aieas, which weie being investigated 

Theie are still seieral points which hare arisen during this investigation 
and which ha^e not been discussed heie These I hope to lefei to on another 
occasion, when I hare liad an oppoitiinity of extending my obseivations 

SuMum 

An Anophelme infectivity sunej was earned out m the Cachai district of 
A'sam fiom April 1st, 1927 to Maich 31st, 1930 

Dm mg the suiiea, 42,300 adult Anophelme mosquitoes, comprising eighteen 
species, were caught in human habitations, cowsheds and hospitals, and dissected 
m the Labac Laboiatou The findings in this investigation show that 
■inopheles minimus is piactically entiiely lesponsible foi the transmission of 
malaiia in tea estates in the Cachai district of Assam 

The only two othei species, found infected m Nature, were A lamsayi and 
A kochi, but both aie of little sanitan impoitance compared w'lth A minimus, 
m the Cachar district of Assam 

The othei common species of Cachar Anophelme mosquitoes feed chiefly 
m cowsheds, and the importance of zoophihsm has been stressed with such 
species as A maculatus and A acomtus, wdiiclr have been proved to be natural 
caiiieis of malaria m countries wheie human blood, m the comparative absence 
of cattle, IS practically the onh blood available 

The peiiod of the jeai, when mosquitoes were found infected m Nature, 
and the associated climatic conditions are lecoided, but fmther research, to 
deinaicate this period accuiateh, is essential 
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ALBINO RATS (COONOOR) 


B\ 
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Directo), Nutritional Reseaich, I R F A, Pastern Institute, Coonoor, 
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[Received for publication, June 4, 1930 ] 

In the course of the experimental investigation of lymph-adenoid goitre, 
now proceeding in these laboratories, it became necessary to determine the size 
of the thyroid gland in the stock albino rats which we employ for experimental 
work These lats have been bred through many generations and have become 
acclimatized to the altitude (6,000 feet above sea-level) From time to time new 
blood IS introduced to prevent in-breeding A breeding stock of between 500 
and 1,000 animals is maintained The health of this stock is perfect, their 
fertility is high During the past 18 months no case of sickness nor death from 
natural causes has occurred amongst them Infantile mortality is practically 
ml, such deaths as occur amongst very young ammals are due to accidental 
causes The average size of the litters is eight, but occasionally litters of 12 or 
even 15 are born The mothers invariably rear the whole of their young The 
animals live under conditions of perfect hygiene, scrupulous cleanliness is main- 
tained by a large staff of skilled animal attendants The rats are confined in 
roomy cages admitting of free exercise Fresh straw is used for bedding, warmth 
and the necessary privacy for breeding The animals are frequently to be seen 
nibbling the straw They are fed on a diet consisting of whole-wheat-fiour 
chapattis lightly smeared with fresh butter, the hard crusts of white bread, 
diluted whole milk, sprouted gram (legume), raw carrots and cabbage ad libitum, 
and an occasional small ration of raw meat Fresh water is provided in 
abundance for drinking and washing purposes 

During the winter of 1929-30— 27th November, 1929 to 10th February, 1930 
— 107 rats, aged beti\een 20 and 150 daxs and of body-weights ranging between 
27 and 226 grammes, i\ere killed by drowning and their thyroid glands removed 

( 553 ) 



Xolc oil Tit Ip on! Cllinifl oj Albnu) Huts 


I- 

At thii -cjison the nia\unum teinpoiatine ni the animal 11011-503 vaiied between 
73° and o3°F and the mimnuim betweem 08° and 12°F The glands were 
wciglicd immediately aftei lemov.d fiom the bod\, taie being taken to pievent 
loss of weiglit due to dniiig In tlie-e rit-i the iitliimis of tlie gland is tenuous, 
iianow, fiagilc and ot negligible weight, no dtempt wa>, tlicicfoic, made to 
iemo\c it w'lth the attached lobe- The lattci weie lemoced sepaiately, and 
lapidh fleet! fiom adheient mu-tulai and othei tis-ue 

The body-weights and tlie tliMoid-wcight-? ol the 107 animals weie submit- 
ted to Piofcssoi K B i\Iadha\a, who ha- \ci\ kintlK inepared fiom them the 
following equation Wcujlit of tliijioul (jltuul ( >50106 combined) on bodij-weujht 
Thyioid-u'eight vi inq = 0 0G09 (Bd wt — 20) -j- 2 4210 log [Bd wt 
— 20) — 0 1153 

Fiom this equation the lollowmg -tindaid table was con-tuictcd, giving 
the w'cight of the tlnioid (in mg ) eoiie-ponding to gnen bod) -weights This 
ha^ been giaphed in the figuie below (p 555) 


Tvuli 


I 


Standcud ivcighlb oj the thijioid iihind jot given body-weights 


Bod) -weight 
in gianime- 

30 

40 

50 

GO 

70 

80 

90 

100 

no 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 


Th)ioid-w eight 
m mg 

2 9 

4 3 

5 3 

6 2 
7 0 

7 8 

8 6 
9 4 

10 1 
10 8 

11 5 

12 2 

12 9 

13 6 

14 3 

15 0 

15 6 

16 3 

17 0 


It IS seen fiom this Table and Giaph that the giowth of the thyioi 
lelatively moie lapid at lightei than at heaviei body-w^eights (le, m eariei 
than in later life) 
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The loKaiithmic cuive foi Coonooi rats’ thyioids is shown in the Graph 
below m contrast with that for U S A lats’ thyioids Hatai’s (1913)^ equation 

foi the lattei is as follows — , 7 ^ 

Weiaht of tlnnoid {sexes combined) on bodij-weight —Thyi oid-weight in 
giammes = 0 0000973 {Bd lot + 27) + 0 0139 log {Bd wt + 27) — 0 0226 

rtj>&T»T7 



Body-weight in grammes 
Showing the weight of the thyroid gland of the 
Coonoor albino rat, according to body-weight, in 
comparison with that of the USA albino rat 
Ihe observed weights for Coonoor rats are 
represented by 55 males and 52 females There 
IS no appreciable difference in the weight of the 
thyroid gland in the two sexes 

It imU be noted that at all body-weights the thyroid gland of Coonoor 
stock lats IS appioMmately half the size of that of U S A lats 

It is to be emphasized that the data heie given 1 elate only to ‘ winter 
glands ’ 

The iodine-content of these glands is dealt with, by Dr G Sankaran, in a 
succeeding papei 


♦Donaldson’s ‘The Eat,’ 1921 




THE ESTIMATION OP IODINE IN THE THYROID GLANDS 

OP ALBINO RATS 

BY 

Lieut -Colonel C NEWCOMB, d m , f i c , i m s , 

AND 

G SANI^ARAN, xi b , b s 

{Fiom the Nutritional Research Laboratories, I R F A , Pasteur Institute, 

Coonoor ) 

[Received for pubbcation, June 4, 1930 ] 

For the estimation of iodine in rats’ thyioids we have adopted v Fellenberg’s 
method vnth certain modifications The most impoitant of these is the lesser 
amount of potash added before the organic matter is destroyed by igmtion 
Fellenberg (1924) himself lecommends 1 gramme of potash foi 10 to 20 mg of 
thyroid Leitch and Henderson (1926), in their modification, use 20 c c of 
10 per cent potash (=2 0 grammes KOH) for the same amount of thyroid 
We use only 2 cc of 10 per cent potash for the rat’s thyioid which normally 
weighs 10 to 20 mg m young adult animals We have found that the lesser 
amount of potash is sufficient to prevent loss of iodine and that its use makes 
the subsequent mampulations much easier especially the ashing The rats’ 
thyroid can be completely ashed without ever becoming red hot if this amount 
of potash be used 

On theoretical grounds this smaller amount of potash might be expected 
to be sufficient A veiy small fiaction of the lodme in the thyroid exists as 
inorganic iodide (Kochei, 1927), the major portion is present as a compotmd 
of thyroxine and di-iodotyrosme with a globulin (Harrington, 1929) The latter 
IS easi'i hvdrotysed by weak alkali, yieldmg amongst other products, thyroxine 
and di-iodotyrosine Kendal (1919) origmally used 5 per cent caustic soda 
Harrington [1926) used 10 per cent barium hydroxide and finds that stronger 
alkali decomposes the thyroxme ThjToxine itself decomposes, with the libera- 
tion of iodine, somewhere about 230'’C and di-iodotyrosme at a lower tempera- 
ture (Harrington, 1929) It, therefore, seems unnecessary to add any great 
concentration of potash or to raise the temperature to red heat in ordei to 
conxert the combined louine mto iodide 

( 557 ) 
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Eblunalioit <>j Iodine in Ital.'i’ 'I'hijwiih 


Ashing 

The whole of the thMoiil taiefulh di^^edcd out and freed from 

adherent inubcle and othei extianeou'' i> atduateh weighed at once 

(ordinal} weight 10 to 20 mg ), <ind ihopped into a '■'mill tebt-tube containing 
2 ce of 10 pci cent j)ota-'>uiin h\dio\tde ■'ohitioii Once in the potadi it can 
be left toi da } -3 oi week", il piopciK loikcd m "calerl oil, until it ib convenient 
to proceed with the ie"t oi the .inal\"i" Tin tliMoid di""ol\es inoie oi less 
eomplctel} — gcneialK in the (old but moit leidiK on w.iiming The solution 
IS tian"feiied to a nickel tiiuible and "lowK i\apoiitcd to di}ncss AVith 
eaic there need be no liothing noi "puiting d'lu ic'iduc i" then genth loasted 
over r naked flame with "tilling, (aic being t iken ih.it no pait bccomca led-hot 
With the "inall amount of pota"h added it i" [) 0 ""il)le to git a gie\, powdei} 
ash undci these condition" The .i"h i" then di""ol\cd in .i tew chops of watei 
and evaporated until a mscoU" p.dte i" obtained This i& now ready for 
alcoholrc extraction 

Alcoholic extraction 

Two extractions aie made with an ignition ot the extiact between them 
The first is done wntli six lot" of alcohol — fii"t 0 3 c c and subseciuently 0 1 cc 
lots — and the combined extracts poured into .i nickel (not platinum) dish 
Eighty per cent alcohol is used unless the past} niids becomes too fluid and 
tends to run over with the alcohol When this happens 95 per cent alcohol is 
used for one of the lots and this has the ellect of restoring the pasty mass to 
its proper consistency’* 

After extraction, one chop of ten per cent potash is added to the extiact 
which IS then evaporated to di}ness and heated to below redness over a naked 
flame The amount of residue is xery small and chairing seldom occurs 

The second extraction is made in the same wmy as the fiist except that 
the extiact is collected m a platinum dish One chop ol one per cent potash 
is added and the extiact evapoiatcd to diyness on a watei-bath, the dish is 
then waved ovei a naked flame The lesidue is now liaidly visible 

The colorimetric estimation 

The residue is now dissolved m xvatci and poured into a Fellenbeig’s tube 
In all 12 chops of wmtei are used, first 3 chops and alteiwaids 1 oi 2 drops at 
a time making the total bulk up to less than 0 5 c c One chop of 5 N sulphuuc 
acid and one chop of N 10 sodium aisemte arc then added and the xvho e 
diluted to exactly 0 5 c c Aftei half an hour one drop of carbon disulphide 
and one chop of nitiose are added, and the tube shaken, centrifuged, and com 
pared with standards in the usual way 

Control analyses. 

For the purpose of testing the accuracy of the method sheep’s thyroid was 
used to provide a large amount of test material from w hich uniform samp ^ 

A nickel chsh should be used for collecting the fiist extiact, if a platinum one be used, 
a daik stain appears dming the subsequent heating which is difficult to lemoce 
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could be diawn Thiee grammes of fresh sheep’s thyroid were mixed with 
25 cc of 10 per cent potash After some days solution was nearly complete, 
the few remaining floccules of undissolved mattei were filteied off, and the 
clear solution diluted fiist, so that one litre corresponded to 30 grammes of 
thyroid, and afterwards, so that 1 htie corresponded to 1 5 grammes of fresh 
j thyroid It was found that the sheep’s thyroid was much richei in iodine than 
rat’s thyroid, the higher dilution of the sheep’s thyioid-solution was necessary 
so that a convenient quantity (0 5-1 0 c c ) should yield a suitable amount of 
iodine for color imetiic comparison (1 to 2^ ) 

Using varying quantities of this stock thyioid-solution, with oi without 
iodine in the form of potassium iodide, 18 test analyses were made The results 
are shorsn in the following Table — 


Table 

Shoiuing the lesults of contiol analyses 
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E<ilimation o) Iodine in Rat^’ Thijioids 


amount (■/ ) of iodine found, then {vide Diagram) the results lie on a nearly 
straight line, and quite a*, close to it as might be expected from the known 
eriors of the estimation (eg, 20 pei cent eiioi in the coloiimetric estimation) 
This line, howevei, docs not cut the \eitical axis at 0 but at 0 5 and from this 
one must conclude that there ib a con-’tant In'"} of 0 07 ot iodine m the process, 
and that this loss is the same whatevci be the quantity of solution, between 
0 5 and 1 0 c c (corresponding to 0 9 to 2 1 y of iodine), taken for analysis 


Divc.nvM 



Considering next the 14 control analyses in which 0, 1 and 2 y of iodine 
weie added to 0 5 c c of thyioid solution, we have the following results -- 
0 y added 0 9 y iodine found 

J y do 1 7 y do 

2 y do 2 7 y do 

the differences being 0 8 and 1 0 01 on the average 0 9 y This indicates that 
of the iodine (up to 2 y ) added as KI an average of 90 pei cent is lecovere , 
or within the expected errors of the method, the whole of it 
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The method of lodme-estimation here outlined would thus appear to be of 
sufficient accuracy It was employed by one of us (Sankaian, 1930) in the 
investigation with which the succeeding paper deals 


Fellenberg (1924) 

Leitch and Henderson (1926) 
Kocher (1927) 

BLumiNGTON (1929) 

Kendall (1929) 

Harrington (1926) 

Sankaran (1930) 
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Introduction 

The recoids (On and Leitch, 1929) in the liteiatuie of estimations of the 
lodme-content of the noimal thyioid gland of the albino lat aie lelatively few 
Diffeient woikers have given figuies which vaiy very much, and it seems likely 
that the iodine-content of the noimal gland may di5ei in diffeient paits of the 
world 

The present papei deals with the lodme-content of the 107 Coonoor stock, 
albino lats refeiied to in the foregoing note by McCarrison (1930, page 553) 
On removal of the glands they weie weighed and handed to me for assay of 
tlrerr rodrne-content Aly sole information regarding them was then serial 
number Not until the estimations of then iodine-content had been completed 
was I provided with details regarding the body-weight and sex of the rats from 
which they were removed 

There were in all 107 glands 55 males and 52 females Details regarding 
them are set out in Table I It is to be emphasized that the results recorded 
in this paper relate to mid-wintei glands only 

Method of iodine estimation and results 

The method of lodme-estmiatioii nas that described in a previous paper 
(Nencomb and Sankaran, 1930, page 557), it is a modification of v Fellen- 
beig’s 

The results are set out in Table I Ceitain statistics calculated from them 
are given in Table II These tables will be found at the end of the paper 

( 5G3 ) 
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lodine-Conlenl of Xonnal Thijioid of Hats 


Foi a bottei uiulcistandintf of the figuie-, tliiee cliagiains have been made 
shoving the lelations between (a) both -weight and tii} loid-w eight, (6) thyroid- 
weight and total lodinc-content of the tluioid, and (c) bodj -weight and total 
iodine-content of thjioidb 

It was found that the iodine-content of lat tiuioids was, m this locality, 
\eiy low', when coiniiaied with the lodinc-content of the thyioids of various 
othei species of animalb 


TMJLt 


Shounnej the \od\ne- content of thy}Oid'-, of animaU found by other workeis 


Aunnal 

1 

i 

lochnc-tontont in 
grammts jier 

100 gi Fresh 

weight 

Authority 

Sheep 

1 

1 cr026 to 0-03S 

Biiimann (1SDG2) 

Do 

(roll to 015G 

Do 

Do 

0-031 to 0-035 

Do 

Cattle (nounal) 

0112 

[ 

Mai me and Lenhart (19091) 

Sheep (normal) 

1 0-0G9 

Do 

1 

Hog (normal) 

, (TOSS 

1 

Do 

Sheep (noimal) 

009G 

Fenger (1913) 

Hog 

0-0-11 to 0-051 

Aldiich (1915) 

Rabbits 

1 0-023 to 0 05 

Rowett Institute (unpublished) 

Fowl ' 

014 to 0r209 

1 

Do 

Out figures for rats 

0 007 to 0 012 

1930 


Our figures for rats (0 007 to 0 042 per cent of fresh gland, mean 0 018) 
are, however, hrgher than those grven by other observers Hercus and Roberts 
grve values for the rodrne-content of the fresh gland whrch range between 0 003 
and 0 007 per cent In an unpublrshed work from the Rowett Instrtute (Orr 
and Lertch, 1929) a figure 0 007 to 0 037 per cent rs grven Our lowest va ue 
rs the same as the hrghest of Hercus and Roberts, whrle our highest is hig er 
than the highest value of the Aberdeen workers 

The moisture-content of three of the thyroids was determined The method 
employed was to put the weighed glands into glass tubes of less than a gramme 
in weight and then to place the tubes over calcium chloride in a vacuum desic- 
cator After a week’s time the glands were found to be completely dry , there 
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being no further loss of weight on keeping the tubes containing them m a hot 
air oven for 4 hours at 100° to 110°C The results are given below — 
Thyroid No 109 Moisture per cent 78 5 
Do 110 „ „ 77 0 

Do 112 „ „ 80 0 

The iodine-content of these glands were determined and was found to fit 
m with the thju oid- weigh t-iodme-content curve This indicates that there is 
no loss of iodine on desiccation at 110°C 

Statistical analysis of the results. 

The statistical analysis of the results is summarized undei several headmgs, 
as follows — 

(a) Body-weight and t/iyroid-U'ctg/it —Diagram 1 shows the relationship 
between the body- weights and the thyioid-weights of these rats This relation- 

DliGRAW 1 


Halea • 



ship can be adequately lepresented by a straight line which fits the observations 
closely enough for my present purpose * The equation of this hne is — 

y = 0 072 X -f 2 69 

where Y is the thyroid-weight m milligrams, and X is the body-weight in 
giammes The line has been calculated for all the rats, both male and female 
there being no certainly demonstrable difference between males and females’ 
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Jo(/ni(‘-Co}ih‘)it (>) Aonndl 'riiijioid uf Iidts. 


(b) Thijioid-wcuiht and lodinc-contcnt — A stiltl^tlcnl consideiation of the 
totil loclino-content oi the tlijioul ni lelution to the th3ioid-\v eight indicates 
that the two me piopoitioinl, and that tlieie is no bignificant difference 
between the •'C\es The ob^ei \ ation-) iie adequately' fitted by >tiaight legiession 
lincb and thc"!* aic gnen liy the (“qnation^ — 

:Male-. Z = 0 lSb\ — 0 00 

Fenialca Z = 0 17SY — 0 01 

All ob-enalion> Z = 0 197Y — 0 09 

wheie A' = thy loid-w eight and Z = iodine-content The line diaw'n in 

Diagiam 2 i" the one foi ail tiie ob-eix •itioii'i 


Divoucm 2 

Males • 



ThJ'lOld-^^ eight m niillignnis 


The mean thyioid-w'eight is 9 44 mg and the mean total iodine-content of 
the thyioids is 1 71 y Theie is, theiefoie, on the aveiage = 0 182 y 

of iodine pei milligiam of fiesh tliyioid, le, 0 0182 pei cent of iodine 

(c) Body-weight and iodine-content of thyioids — ^As the thyioid-weights 
aie neaily piopoitional to body- weight and as the lodme-content is piopoitiona 
to thyioid-weight, theie must be an almost diiect piopoition betw'^een the tota 
iodine m the thyioids and the body- weights Diagiam 3 shows this ^relation 
ship The legiession equation foi both sexes togethei is Z — 0 0158 X -r » 
where Z = lodme-content and X = body-weight As the mean body-weigi^ 
IS 107 6 giammes and the mean iodine-content of the thyioids is 1 71 y, ^ 
follows that theie is on the aveiage = 1 59 y lodme m the thyioid 

gland pel 100 gi^imraes body-weight 



Total iodine In thyroids in 



Body-weight in grammes 

(d) Age — ^The ages of these lats wcie not definitely known though their 
appioximate ages langed between 20 and 150 days The i elation of body- 
weight to age in oui stock lats has, howevei, been pieviously detei mined so 
that the ages of these lats can be deduced fiom their body-weights, though the 

Diagram 4 



Body-weight in grammes 


lodiuv-('o)tl( at of Aoiunil Tlit/ioid of Rats 


oGS 


eiioi foi a t)aiticului lat ina\ In* laim* I'lii IxxU -w uii'ht'j wIiilIi, in om stock 

couc^pcmd t(i tmm 50 to 100 »la%— -the age of pubeit> — are 78 to 
143 giannnt"' Thcie i-^ no induation ol a ii-'t in the total iodine in the thyioid 
between the bod\-weight> wliah would tone>pond to the attainment to sexaial 
inatuiitx Rat'' below 27 giaiunu-' in weight (toiie-'ponding to 20 dajs of age) 
luxe not been "tudied, and it i" po-"'ible th.it at thi> agc-iieiiod a sudden change 
in the late ot inciease ni.u oieui Diagiain 1 illu-'ti.itc> the lelation of 
th\ loid-w eight to age, dcduicd tioin the (Ui\e lound foi thxioid-weight on 
bod\ -weight and the euixe pie\iou-'l\ tound toi the legie-'-ion of bodx -weight 
on age foi oui stock i.its 

(e) Sci — An exaniin.ition ot the figinos foi iodine pei of 

tliMoid lexealcd no sc>\ dilteieiue which tould he icg.iided as statistically 
significant 


Comparison of results with those of previous observers 

(1) Fioin a studx of tluioids ol tatle \ Fellenbeig (1927) came to the 
conclusion that the lodinc-content intieascs with incieasing weight of the 
tluioids, but adds that tiieie is no stnet piopoition kinold and Gley (1923) 
found no i elation between the lodmc-contcnt .uul the weight of the gland in 
goats It IS suipiising, theicfoie, tli.it oldei woikcis found an nneise lelation- 
ship between the sue of the gland and its locbne-contont Bauman noted it 
m man and sheep, so also did Maime .ind Lenh.ut, iSIaitin and Aldiich noted 
it in the thyioids of t-hcep, o\cii .iml pig" Mai tin’s figuics aie given below' — 


Fresh weight of gliml 

lod'llD 

12 0 ps 

1 

0-22 gs 

140 „ 

02 

U tf 

32 5 „ 

oos „ 


(2) In the oldei woik of Bauman, Osw'ald, and Moneiv, no cliffeience 
w'as noted in the lodme-content of the thyioid gland due to sex and this is a so 
Choudhuiy’s (1928) conclusion Fengei claims to hax'e detected a sex-di ei 
ence in the lodme-content flora an examination of 17 male and 23 ema e 
calves — castiated animals lesembling the females The figuies given y 
.ue 0 21 pel cent foi males and 0 25 pei cent foi females, the peicentaoCS 
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being on a diy fat-free basis Unless the vaiiation in these expeiiments was 
very much smaller than that m oiiis the figures aie, statistically speaking, not 
significantly different Fengei, howevei, in discussing the lodme-content 
according to age gives the figures for several age-periods as 0 35 per cent, 
0 23 per cent, 0 35 per cent and 0 28 per cent There is here a variation much 
gi eater than what he observed for sex-difference, yet he says there was no 
marked difference due to age 


Limitations of this study 

The subject of the iodine-content of the albino rat’s thyroid is not reviewed 
fully in this short note For instance, the thyroids of rats from birth or from 
intia-uterine life up to 27 grammes body- weight have not been studied, such 
a study may reveal some important results At the other end of the life-cycle 
it may be of interest to know the iodine-content of old and senile lat thyroids 
up to the point of death fiom senility 

The observations lecoided in this paper were made m the winter months 
Many observers have noted seasonal variations in the lodme-content of the 
thyroid gland, it is hoped, theiefore, to carr^”^ out a similar investigation during 
the summer months 

With the limitations noted it is hoped that the number of estimations (107), 
being gi eater than anv previously done, will give a fairer representation of the 
figure foi this particular animal The mam interest of the work for this 
laboratory is that it enables us to compare the iodine-content of the normal 
tlnroid of our albino rats with that of the goitres produced under experimental 
conditions by Colonel McCairison 


Summary and conclusions 

Figures are given for weights and lodme-content of the thyroids of 107 
normal Coonoor stock, albino rats The relation of the lodme-content of the 
thyroid to thyioid- weight and to body- weight has been studied statistically 

(1) The thyroid-weight inci eases with the body-weight The two are 
almost directly proportional and the relationship has been represented by a 
regression line, there is no demonstrable difference between the two sexes 

(2) The lodme-content of the thyroids is directly proportional to their 
n eight and Ins a mean value of 0 018 per cent 

(3) Sex and age make no difference m the concentration of iodine m the 
tllMOld 

j\h thanks are due to Lieut -Colonel C Newcomb, iws, for norkino- out 
the statistic il figiues and for Diagram 4 “ 



570 


lodinn-Contani oj^ Noimal Tliijiotd of Hats 


Orr and Lutcii (1929) 

NE^\coMB and S\nk-\il\n (1930) 
Htucus and RouniTa (1927) 
Do^^LDao^ (1921) 

Ascuofp (1927) 

Felllnulug (1927) 

Aknou) and Glev (1923) 
CHODDUUIt-i (192S) 

McCmuiison (1930) 


HI I LKFXCI ^ 

lodiiu m Xiitrition Mul lies Council Special 
llcpurl Still No 123 London 
/lid Jour l/id /(< 1 , XVIII, 2, {) 557 
Quotcil hv Orr md Lcitth 
'I he I{ U ' Pin! idelplu i 

Itcpoit uj Ihi Inti nuilioual Conjerence on Goitre 
licrnc (Ln<,ili'h Trinalition) 

Mitt a d Gtb d Ltbciuiintltclunt v Hpg , XVIII 
PI) 265-2*9 

Join l‘hyiiul !\ith Gt«,XXI, pp 198-501 

lint Jour Exptr Path, V, 1 

/lid Juiir Mtd Rii, XVIII, 2, p 553 
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Table I 


1 

2 

3 

4 

5 

6 

Serial 

number 

Date of 
killmg 

Body-weight 

grammes 

Se-? 

Thyroid- 
weight mg 

Total lodme m 
thyroid 

1 

27-11-29 

44 

F 

46 

12 

2 

” 

44 

ii 

60 

0-5 

3 

” 

45 

it 

46 

0-8 

4 

IJ 

48 

it 

52 

10 

5 

11 

45 

a 

50 

0-4 

6 

}) 

42 

it 

50 

05 

7 

it 

47 

M 

44 

0-8 

S 

if 

42 

it 

3-6 

15 

9 

i, 

45 

it 

5-0 

0-5 

10 


46 

„ 

54 

OrS 

11 

’’ 

82 

it 

78 

1-2 

12 


64 

It 

64 

13 

13 

28-11-29 

77 

F 

64 

0-5 

14 

J1 

84 

M 

8-6 

04 

15 

if 

99 

F 

9-4 

2-0 

16 

a 

90 

M 

8-2 

2-5 

17 

if 

98 

„ 

10-0 

15 

18 

a 

92 

ii 

78 

2-0 

19 

f f 

66 

F 

6-0 

12 

20 

if 

102 

M 

116 

1 5 

21 

If 

82 

F 

8-2 

0-8 

22 

it 

109 

jM 

94 

15 

23 

it 

103 

F 

9-0 

2-0 

24 

it 

107 

M 

8-0 

2*2 

25 

29-11-29 

144 

F 

12 0 

0-8 

26 

>■ 

161 

M 

15 6 

2-5 

27 

)) 

181 

F 

19-0 

3-0 

28 


153 


13-0 

i 

2-0 
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Jo<h, nilci, I 0/ Nmmal Thuoul o) Sals 


1 

2 

3 

1 

1 

5 

6 







yen il 
miniber 

-Dito of 

Ivllllllg 

1 ■ ' ■ 

1 

Bod\-ueIl^hl, , 

KrimtULd ' 

' 1 

Tin roid- 
\vcji,'ht mg j 

j Tot d iodine m 

I thyroid 

29 

1 

29-11-29 

161 

1 

' r 

178 

3 5 

30 


1)> 

1 M 



}1 

1 

11 0 

12 

31 

” 

' 111 

. F 

10 1 

1 

' 3*0 

32 


' 161 

1 

M 

12'0 

1 10 

33 


98 

1 1' 

8-0 

1 

1 

31 

1 ” 

, 173 

1 Ai 

13 6 

1 

1 IS 

35 

1 

13} 

F 

12-8 

1 IS 

36 

»> 

ir> 

, M 

12*2 

1 0-5 

37 

j 30-11-29 

181 

1 

1 

1 

12-0 

1 

10 

3S 

i 

1 151 

1 

1 

11-0 

3*5 

39 

1 

1 It 

1 

205 

tf 

132 

1*0 

40 

! 

i 

1 97 

1 

I 

s-s 

I'D 

41 

1 

225 


18-2 

IS 

42 

ft 

226 

ff 

18-1 

0-8 

43 

if 

200 

* 

I ff 

13 4 

35 

44 

n 

182 

1 

ff 

16-6 

3*0 

45 

1 

» 

201 

ft 

111 

40 

46 


173 

1 » 

10 2 

40 

47 

» 

170 

ft 

114 

3*5 

48 

ff 

174 

ff 

13 2 

3*5 

49 

Jf 

' 182 

ff 

13 8 

3*2 

50 

if 

119 

1 

12*6 

30 

51 

if 

188 

ft 

10*2 

10 

52 

if 

160 

ff 

11*2 

15 

53 

if 

195 


14 8 

32 

54 

if 

170 

” 1 

ff 

13*6 

40 

55 

if 

CO 

ff 

13 6 

3*0 

56 

3-1-30 


83 1 

F 

70 

15 
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T^BiiE I — contd 


‘ ; 

2 

3 

4 

5 

6 

Serial 1 

D^te of 

Body-weight 

Sev 

Thyroid- 

Total iodine in 

number 

1 

killing 

giarames 

weight mg 

thyroid 

1 

1 

57 

3-1-30 

73 

F 

70 

18 

58 

)) 

98 

tf 

58 

2*0 

59 

)) 

79 

t) 

S’S 

0*8 

60 

n 

68 


64 

10 

61 


65 


62 

10 

62 


60 

» 

6*6 

0*5 

63 

3-10-30 

68 


70 

0*8 

64 

J> 

63 

it 

76 

1*2 

65 

}1 

62 

a 

6*2 

1*2 

66 

1> 

97 

M 

14*0 

10 

67 


' 96 

” 

90 

0*3 

68 

It 

I 96 

>• 

74 

06 

69 

t 

74 

t 

70 

0*5 

70 

J» 

61 

t 

6*8 

0*5 

71 

6-1-30 

200 

it 

17 0 

35 

72 


172 


12*6 

2r2 

73 

1 

200 

1 


18*2 

40 

74 


183 


15 6 

32 

75 


' 189 
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Table II 


Statistic ■ 

Males 

T-emales 

All 

Number 

55 

52 

107 

Mean body-weight m grammes 

126 0 

884 

107 66 

„ thyroid-weight in milligrams 

10-47 

8-36 

9 44 

„ lodme-content in y 

1-95 

145 

171 

Standard deviation of 




body-weight 

606 

532 

60-4 

thyroid-weight 

446 

488 

47 

lodme-content 

126 

0-94 

1-24 

Correlation of coefficient of body-weight and thyroid- 

weight 

0-855 

1 

j 

[795 

0 925 

„ „ body-weight and iodine- 

content 

0-71 

0-91 

0-77 

„ „ thyroid-weight and 

iodine-content 

(766 

1 

0-93 

0-72 
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]\I\ last lepoit (McCanison, 1929) on this subject dealt with expeuments 
in which 30 young lats weie fed on a diet composed of white biead 97 parts, 
diied yeast 3 paits, and watei Amongst these theie weie thiee cases of lymph- 
adenoid goitie The 30 animals were divided into two batches, of which one — 
consisting of 12 — ^vas fed on the expeiimental diet dm mg the spring and 
“^ummei of 1928, and the othei — consisting of 18— cluiing the autumn and wintei 
of 1928-29 The two groups weie consideied togethei, although it had been 
noted that all thiee cases of lymph-adenoid goitie occuned duiing the spiing 
and suminei months As theie was the possibility that this might have been 
due to chance, no lefeience was made to the suspected seasonal incidence of 
the condition pending a repetition of the expeiiment on a sufficiently laige scale 
This has now been done, and one pm pose of the piesent lepoit is to lecord the 
1 esults 

A fuithei subject of inquiry was the effect of lime and of iodine in 
favommg oi disfavouring the development of lymph-adenoid goitie It had 
pieMouslv (IMcCaiiison, 1925) been obseived that the addition of slaked lime 
to the diets of well-fed lats and pigeons had the effect of causing colloid 
mateiial to accumulate in the vesicles of the thyioid gland with resultant slight, 
but significant, mciease m size of the oigan, the fuither addition of iodine 
pi evented this effect of lime (McCaiiison, 1925) Among the faults of the 
diets used m the piesent expeiiinents deficienc-v of fat-soluble vitamins and 
of phosphates vas conspicuous In the presence of these deficiencies calcium- 
metabolism IS piofoundly disturbed, and when to them is added an excess of 
lime in the diet the excretion of calcium bv wav of the minaiy tract is greatly 

( 577 ) 
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lucicascd It seemed piobable, tlicietoie, that the cftect'^ of lime on the thjaoid 
gland ot lats fed on diets ha\mg these tleficicncies might difier fioin those 
picvioush obscncd m well- ted rits 

Tlie diets iiithcito used m tlie e\peinnental pioduction of h mpli-adenoid 
goitio QlcCaui'-on, 1927, 1928, 1929) ln\e Iiad two mam faults in common 

(a) deficiency oi fat-soluble vitamins, and lb) dehtiencj ol \itunimC Ceitam 
exiieiimcnts wcie aecoidmgh undcitdvcn with the object of deteunining which 
of tlic'^e deficiencies wa-' the dominant one A thud {impose ot the jiiesent 
papei Is to lecoid the le-^ults oi -'Uch ul tlie-e e\[)eiinients as liave been 
completed 

This lepoit deals, theicfoie, with the tollowing matteis — 

A Confiimation of tlie e\|)ci inientai {iioduction of h mph-adenoicl goitie 
in lats b} means of a white-biead-and-\east diet 
B Influence of sea-on on the incidence of 1} m{)h-adenoid goitie m lats 
C Influence of lime on the dcwelopment of h m|)h-adenoid goitie in rats 
D Influence of iodine on the dcwelopnient of h miili-adenoid goitie m rats 
E Relation of Mtamin C-deficiencv to the decelojiment of lymiih-aclenoicl 
goitie in lats 

F Relation of vitamin D-doricicnc> to the decelopment of lyiujih-adenoid 
goitie in lats 

Befoie {iioceeding to desciibe the evpeiuncnts dealing with these matteis 
it IS necessaij- to emphasize, as was done in piecious lepoits (McCaiiison, 
1927, 1928, 1929), ceitain expeiimental details (a) the expeiiments weie earned 
out at an altitude ot 6,000 feet abo\c sea-level, in a locality (Coonooi) wheie 
goitie IS not endemic and wdieie the lodme-content of the sod is lelatively high, 

(b) the young lats used in the expeiiments had no heiechtaiy piedisposition to 
' goitie,’ having been taken fiom the non-goitious stock of these laboiatoiies, 

(c) the gieatest caie was taken to exclude the goitiogenic influence of 'chit 
(McCaiiison, 1930a) , (d) each animal wms confined in a sepaiate, scieened 
cage, and wms abundantly supplied wuth watei One factoi alone could not be 
conti oiled infection, earned eithei by the lats themselves oi by the lice wnth 
which they w'^eie infested 


A. Confirmation of the experimental production of lymph-adenoid goitre 
by diets of white bread and dried yeast. 

The etpe? i?nental diets 

Diet 1 — This consisted of white biead 97 paits, clued yeast 3 paits, and 
distilled watei ad libitum 

Thiity-six young lats weie fed on this diet 24 duiing the spimo 
and summei of 1929, and 12 duiing the autumn and win ei 
of 1929-30 
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Diet 2— This consisted of white bread 97 paits, dried yeast 3 parts, and 
distilled water ad libitum To each 100 grammes of the white- 
biead-and-yeast mi'd.ure 25 grains of slaked lime w'eie added 
The daily food consumption by the lats fed on this diet was 
appioMmatelj 12 grammes, so that each animal ingested about 
3 grams of slaked lime daily 

T-n enty-foui joung rats -Rere fed on this diet 12 during the 
spring and summer of 1929, and 12 during the autumn and 
winter of 1929-30 

Diet 3 — ^This consisted of white bread 97 parts, dried yeast 3 parts, and 
distilled water ad libitum To each 100 grammes of the white- 
biead-and-yeast mixture 25 chops of an lodine-solution were 
added This solution contained 1 0 mg (1,000 y) of iodine per 
litre of distilled ^ater The iodine provided by this addition 
was approximately 0 2y per rat per day Twelve young rats 
were fed on this diet during the autumn and winter of 1929-30 

Diet 4 — This consisted of white bread 97 parts, dried yeast 3 parts, and 
distilled water ad libitum To each 100 grammes of the white- 
bread-and-yeast mixture 25 giains of slaked lime and 25 drops 
of the above lodine-solution were added 
Twenty-four young lats were fed on this diet 12 during the 
spring and summer of 1929, and 12 during the autumn and 
winter of 1929-30 

The average urinary excretion of iodine by the rats fed on the four diets 
was as follows — ^Diet 1, 75 y per litre, diet 2, 85 y per litre, diet 3, 112 y per 
litre, (het 4, 122 y per litre 


The experiments and their results 

The experiments fall into two categories according to the season of the 
year during which they were carried out — 


First senes Spring and summer expenments 

These included (1) 24 young rats fed on diet 1 (white bread, dried yeast 
and water) 

(2) 12 young rats were fed on diet 2 (white bread, dried yeast, hme and 
w'ater) 

(3) 12 joung rats fed on diet 4 (white bread, dried yeast, hme, iodine 
and water) 

The results are set out in Tables I, II and III 

From an examination of these tables it is seen that there were 15 ‘ goitres ' 
amongst the 48 animals, an incidence of 31 2 per cent Of these, 5 occurred 



'r-UBLE 1 

Giving details of the expenment in which 24 young lats iceie fed duung the spiing and sinnme) months 

on diet 1 , white biead, yeast and watci 
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Aveiagc days undoi e\pciiment — 



Table II 

Giving details of the erpeiinient in which 12 young lats woe fed diinng the spiing and sxuumc) months 

on diet 2, white head, yeast, hme and watei 
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cunong&t 21 nuilc>5 and 10 anu)ni'-^t 27 feinalc-^, an incidence* of 23 8 pei cent 
in the toiinci, and of 37 0 jici tent in the lattei Tlio goitica \vcic thus «igni- 
ficanth connnonci in leinale^ tlian in nialt^ 'I'ho% weie classified as ‘slight,’ 
‘ "inall ’ and ‘huge’ ‘■'light,’ wlien they appealed In Msnal examination to 
be less tlnn twice tlie -'ize of the noiinal oigan, ‘ ■'inall,’ when twace but less 
then foui timC'' the noiinal •'ize, and ‘huge,’ when torn oi moic times the size 
of the noiinil oigan \.teoiding to thii aibitian ela-sifieation theie weie 
7 ‘blight,’ 3 small’ and 5 ‘huge’ goitics \.n idditional indication of then 
"ize i-' piovided b\ the 'rext-liguie which icine-eiU'', a^ neaih a& pos-ible, the 
sizes and shapes of the IS tliMOKU in posteiioi \iew Lite-size photogiaphs 
aic shown ol two ol the laigei h nipli-adenoid gome (Plate XL, fig- 1 and 2) 
m contia-'t with the thMouL ol well-led aniinaL ol the -'une bod\-w'eight 


- 9 f 9 ? f 9 


Tc\t-figiuc 

Fiee-h uid cluiwing, postoiioi view, life size, of tmeht i with att ichcd tlijioids ol IS (hfimtelv- 
fed and 12 well-fed albino lats Rows I and II tliyioids of 24 i its, fed on white bieid, 
yeast, and watei , amongst them aie two ‘small’ goities, thico ‘slight’ goitics and one 
‘slight’ iimlatei-al goitre, uiinary excietion of iodine by i its m these gioiips avenged 757 
pel litie Row III thyioids of 12 rats fed on white bicad, yeast, lime and watei, 
them aie one ‘laige’ and tbiee ‘slight’ goities, uiinai-j' excietion of iodine by nts m i 
gioup aveiaged 85 7 pei litie Row IV thyioids of 12 i its fed on white bread, yeast, ime^ 
iodine and water, amongst them are five ‘large’ goitres, urinaiy excietion of iodine by ra s 
in this gioiip averaged 122 7 per litie Row C thyioids of 12 contiol, well-fed, albino ra^^ 
showing amongst them no goitres, urinary excietion of iodine by rats in this gioiip aveiao 


70 7 per litie 

The goitioiis oigan was often congested, its isthmus thickened and 
bioadened, and the lateial lobes showed unifoim oi iiiegulai giowth in 
diiections lateial, lateial and downwaids, downw'aids mainly, oi lateia anc 
posteiioi Occasionally, the oesophagus was almost completely envelope y 
the backwaid giowdh of the lobes Quite often one lobe was laigei t an 


othei (see Te\t-figuie) 
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A histological examination was made of 34 out of the 48 thyioids m this 
senes — 15 goitrous and 19 non-goitrous glands Their general histological 
appearances are given m the last column of Tables I, II and III, from which 
it will be seen that 9 of the 15 goitres were of lymph-adenoid type an mcidence 
of 18 7 per cent m the 48 rats fed on the three diets The following account 
of the histological featuies of 4 of these 9 lymph-adenoid goitres was prepared 
at my request by Dis Williamson and Pearse who oiiginally described this 
condition m man (Williamson, 1925) — 

Thyroid of rat No 2544, senal section No 9— ‘In this section theie aie 
only 18 colloid follicles The epithelium of these follicles is low cubical, indeed, 
geneially speaking, it is pressed flat and the nuclei are centrally placed (Plate 
XLI, fig 3) Even though post-mortem changes have rendered the epithehum 
m the othei gland-units somewhat ‘ catarrhal,’ the contrast between the 
secreting gland-rmits and the colloid gland-units is remarkable (the former 
showing high columnar epithelium and other featuies peculiar to active secre- 
tion) Yet another featuie of the secreting follicles is the pale, washed-out, 
neutial cytoplasm, almost achiomatic, as we first described it in lymph- 
adenoid goitre in the human being (Plate XLI, fig 4) But the striking featmes 
about the general body of the gland is, by contrast, the intense chiomatism ot 
the leticulo-endothehal system throughout the lobe This is transformed into a 
granular chromatism m the areas, widely scattered through the lobe, where 
Ivmphocytes predominate Small and large proliferated endothelial cells are 
aggregated together to form the typical lymphoid aggregates of lymph-adenoid 
goitre This picture is identical with those in your fiist experiment (McCaiiison, 
1927), which we weie able to compare so completely with human lymph-adenoid 
goitre mateiial ’ (Williamson et al, 1929) 

Tliyioid of rat No 2554, senal section No 9 — ‘This specimen contrasrs 
with the previous one in that it still contains an abundance of colloid (Plate 
XLI, fig 5), but there are easily lecognized secretion-follicles in which our 
micio-capillaiies (Williamson, 1923) aie apparent even with your stain 
(h»moto\ylin and eosin) Wherever the secreting follicles occur there is an 
intense lymphoid activity spreading out from that central point While, 
generally speaking, the lymphoid aggiegations are local, the reaction in the 
reticulo-endothehum is more general Perhaps the most important feature of 
this section is the widely dilated lymph-channels in which it is possible to 
detect the blood-vessels lying free One of the capsular lymph-spaces is packea 
full of cells, and many of the endothelial cells in the gland contain brown nr 
pink, coarse granules On the whole, this specimen appears to be an earlier 
stage of the (lymph-adenoid) condition ’ 

Thywid of mt No 2551, senal section No 5 — This specimen closely 
lesembles No 2554, though there are fewer colloid follicles and the lymphoid 
reaction is more intensel}'- focal ’ (Plate XLI, fig 6) 

Thytoid of iat No 2552, senal section No 8 — ^‘In this gland the most 
striking features are the very occasional lymph-aggiegates (Plate XLII, fia yj 
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and tlie von difliHo lotioulo-cndotlicdml icacbion The (lynipli-adenoidj 
piOLC'''' ha‘' not piocccdcd \eiy lui Theiu are two follicle'' with well-formed 
walls, but fioin the edge ot wliith, oi fioni a point in the w^all of W'hich, there 
ajipeais to be growing an niogulai in.iss oi epitheliiun This is apparently not 
entail hal but actual Inpeipla-'ia of the epithelium’ ('Plate XLII, fig 8) 

‘We have -een in ‘<01110 of the specimen^ tlie '• keiatinization cysts” you 
desciibe (McCaiiison, 1929') wc ton&idei them to be endothelial and not 
epithelial in oiigin ’ 

Fiom this dosciiption of 1 leprosent.itue siiecimens it is evident that 
lympli-adenoid goitie, as oiigiiiallv rle-'Ciibed m the human subject by 
Dis William‘:on and Peane 11925), ha-' again been pioduced undei experi- 
mental conditions in lats b\ dietetic means, and that the condition is identical 
in man and in lats The expeiimental pioduction of lymph-adenoid goitre by 
diets of ■white biead and ^ea‘‘t (McCaiiison, 1929) is thus confiimed 


Second senes Autumn and lointei evpenmenls 

These included (1) 12 voung lats fed on diet 1 (white biead, diied yeast 
and water) 

(2) 12 young lats fed on diet 2 (white bread, diied yeast, lime, and wmter) 

(3) 12 young lats fed on diet 3 (white biead, diied yeast, iodine, and 
watei ) 

(4) 12 young lats fed on diet 4 (white bread, diied yeast, lime, iodine and 
watei ) 


The lesults of this senes aio set out in Tables IV, V, VI and VII 

An auxiliaiy pioceduie was followed in eAmluatmg the size of the thyroids 
in this senes The usual diagnosis, as to the piesence 01 absence of goitie 
and as to the size of the goitres, wms made by visual examination at post- 
moitem (Column 10, Tables IV to VII) The glands w''eie then removed and 
w^eighed, their weights (Column 8, Tables IV to VII) being compaied with 
those of normal thyroids m well-fed stock lats (Column 9, Tables IV to VII) 


A companson of the lesults m this senes with those in the fiist bungs to 
light two striking differences the incidence of goitre was significantly higher, 
and the size of the goities was, in geneial, larger in tlie first than in the secon^ 
senes Further, on histological examination, none of the 5 ‘slight 
goitres in the second senes were found to be lymph-adenoid all were col 0 
glands showing greater or lesser degrees of colloid exhaustion and no evidence 
of aggregation of lymphocytes This result is the same as that of the 1928- 
expeiiment (McCarrison, 1929) No case of lymph-adenoid goitie occurred m 
lats fed on the white-biead-and-yeast diet duiing the autumn and wmtei 
months 
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Table VII 

Giving details of the evpennient in which 12 young lats weie fed dwting the autumn and wintei months 

on diet 4, white biead, yeast, lime, iodine and wato 
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B Influence of season on the incidence of lymph-adenoid goitre in rats 


Giouping the 1928-29 (McCamson, 1929) and the present experiments 
togethei , the following seasonal difference in the incidence of ' goitre ' is found — 



Number of 

Number of 

Incidence of 
' goitre ’ 
per cent 


animals 

‘ goitres ’ 

Spring and summer experiments 

60 

19 

' 316 

Autumn and winter expenments 

66 

7 

lO'e 


Statistically speaking, this difference is significant, it indicates that Coonoor 
rats, fed on the white bread and dried yeast diets, are moie likely to develop 
‘ goitre ’ during the spring and summei than during the autumn and winter at 
this altitude and in this chmate 


In the winter experiments of 1928-29 (McCarnson, 1929) there were only 
two ' goities ’ (one a umlateral swelling) amongst 18 rats fed on the white- 
biead-and-yeast diet Neithei of these was lymph-adenoid Both weie colloid 
glands showing no evidence of lymphocytic aggregation, the unilateral swelling 
of the one being due, in considerable part, to a ‘ keratmization cyst’ in the 
enlarged lobe In the winter experiments of 1929-30 (present series) there 
were 5 'slight goitres' amongst the 48 animals None of these showed any 
aggiegation of lymphocytes, though in one (2,600, Table IV) there was a 
diffuse reaction of the reticulo-endothelium All were colloid glands showing 
greater or lesser degrees of colloid exhaustion and relatively feeble staining of 
the glandulai epithelium 


In the summer experiments oi 1928 (McCarnson, 1929) there weie three 
cases of lymph-adenoid goitre amongst 12 rats fed on the white-bread-and-yeast 
diet, and in the summer experiment of 1929 (present series) theie were two 
cases of lymph-adenoid goitie amongst 24 rats fed on the same diet, or 
altogether 5 cases in 36 ammals While, therefore, the incidence of the 
condition m the wintei was ml, its incidence m the summer was 13 8 per cent 
If the 24 lats (present series), fed duiing the spring and summer months of 
1929 on the white-bread-and-yeast diet to which lime or lime and iodine were 
added, be included m the calculation then there were 12 cases of lymph-adenoid 
goitie amongst 60 ammals (oi 20 per cent) in the summer, and none amongst 
66 in the winter Tins diffeience is significant, and indicates that lymph- 
adenoid goitie is moie likely to arise, in this chmate and at this altitude in 
Coonoor rats when fed on the deficient diets during the spring and summer 
than nhen fed on the same deficient diets duiing the autumn and winter 

Having legard to the effects of temperature on the thyroid gland it seems 
unhkel} that this difference m seasonal incidence could be due to seasonal 
variations in atmospheric temperature per se Cold causes the thyroid to be 
depleted of colloid material and to assume the characters of ' active secietion ’ 
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heat causes colloid niateiial to be letained in the gland In Coonooi the 
vauations in atinosphei ic tempeiatine aie lelatnely slight During the spring 
and sunuuei the nia\iimini teni|ieiatuie, in the animal houacs, was between 
70° and 75°r , tlie iniiiunuiu between 00° and 05°F Dining the autumn and 
wuntei the ina\unuin langed between 73° and .53°F , the ininiimim between 
58° and 42°F It was onl^ occasion. ill\ that the temjiciatuie fell to 50°F , 
vciy occasionally that it fell below 50°F (10°C ) Tliia degiec of cold might 
possibl} cause colloid inateiial to be mobilized and the gland to assume the 
chaiacteis ol 'actne sociction’, a lesult which might be expected to favom 
lathei than to disfavoui the de\clopment of a condition wduch, in its fully 
developed foim, is chaiacteiized by colloid depletion The tempeiatuie condi- 
tions in Coonooi duiiiig the ‘'piing .ind summei months aie, on the othei hand, 
such as would favom colloid letention It would "eem, theiefoie, that the 
seasonal diftciencc m the incidence of Ij mph-adenoid goitie wms not due to 
the elYccts on the thjioid gland of tempeiatine pci sc Noi can it be coiielated 
with a difteiencc in the suivnal peiiod ol tiie .uiimals at the two seasons 
Those fed on diets 1 and 2 actually lived longei, on the aveiage, m the wuntei 
than in the suminei expeiimcnts The> had, theieloie, moie tune in wdiicli 
to acquiie lymph-adenoid goitic To all appeal ance^ the diets used dining 
the two seasons weie the same One is toiced, then, to look elsewhere foi an 
explanation of the seasonal incidence of tliH condition The possibility that 
it may be found in an ‘infection' of some kind, earned by ceitain deficiently- 
fed animals and not by othei s and moic likely to be pathogenic in suinmei 
than m wuntei, cannot be disicgaided Foi although this type of goitie has 
not been obseived to aiibc m well-fed animals it may be doubted wdiethei 
negative, dietetic factois aie alone concerned in its causation Its lelatively 
low incidence in lats fed on the deficient diets is suggestive of some positive 
causal agent, while Lloyd Ainold’s w'oik on the influence of tempeiatine and 
dietetic conditions in favom ing ‘infection’ of the uppei intestinal tiact is 
peitinent m this connexion Noi can vectois of ‘infection’ be ignoied in hce- 
infested lats without fuithei inquiiy While, theiefoie, tempeiatine pe) se 
may not account foi the seasonal incidence of lymph-adenoid goitie it is wuthiii 
the bounds of possibility that fac-tois associated with seasonal vauations m 
atmospheiic tempeiatuie may ultimately be found to do so To me the histo- 
logical featuies of the expeiimentally-piodiiced lymph-adenoid goities aie 
suggestive of ‘toxic’ stimulation of a physiologically sub-noimal oigan, and 
at the piesent stage of my investigations it seems well to be alive to the possi- 
bility of the association of some positive agency wath the negative one of 
dietetic deficiencies in causing this condition 

C Influence of lime on the development of lymph-adenoid goitre m rats 

Taking both summei and wintei expeiiments togetliei theie Aveie 48 animals 
fed on diets containing slaked lime, and 48 on diets not containing it AmonoS 
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the foimei theie weie 10 goities, amongst the latter 10, there was no difference 
bet\\een the two gioups The addition of slaked lime to the diet of white 
biead and yeast had, theiefoie, no influence on the incidence of goitie Consi- 
deiing only the summei experiments, m which alone lymph-adenoid goitre 
occimed, and counting that of 1928 with the piesent series, then there were 5 
lymph-adenoid goities amongst 36 animals whose diet did not contain slaked 
lime, and 7 amongst 24 whose diet did contain slaked lime, a difference of 
doubtful significance It is notable, however, that all the large goities occurred 
amongst lats to whose diet lime was added (see Text-figme, p 584) 

Considering next the winter expeiiments, in which the thyioid glands weie 
weighed (Tables IV to VII), it is found that the weight of the oigan pei 100 
giammes of body-weight was no greater m the deficiently-fed lats whose diets 
contained slaked lime than in those whose diets did not contain it the average 
V eight m the formei being 8 6 mg and in the latter 9 0 mg , a result m contrast 
with that pieviously obseived in well-fed animals (McCairison, 1925) In the 
piesence, theiefoie, of deficiency of fat-soluble vitamins and of phosphates an 
excess of lime m the diet did not cause enlargement of the thyioid gland dm mg 
the winter months although the uiinary excretion of calcium was veiy high 
It seems possible, however, that it may have had the effect of augmenting the 
size of the goities arising, during the summer months, as a lesult of other 
faults m the expeiimental diets The data aie, however, too meagre to admit 
of a definite conclusion being drawn on this point 

D Influence of lodme on the development of lymph-adenoid goitre m rats 

In previous leports (McCarrison, 1927, 1928, 1929 and Williamson et al, 
1929) it has been shown that this type of goitie can arise despite the adequate 
ingestion of iodine,* the results of the present experiments appeal to indicate 
that the administiation of iodine to the deficiently-fed animals actually favouied 
its development (see Text-figure, p 584) 

Taking the summer and winter experiments together there were 36 animals 
to whose deficient diet iodine was added and 60 to whose deficient diet it was 
not added Amongst the foimei there were 8 ‘goitres,’ or 22 2 pei cent 
amongst the latter theie were 12 ‘goitres,’ or 20 per cent This difference is 
not significant But if we consider only the results of the summer experiments, 
in which alone lymph-adenoid goitre occurred, then there were 5 goitres of this 
tvpe amongst 12 lats to vhose deficient diet iodine was added, and 4 amongst 
36 to ^hose deficient diet it was not added, an incidence of 41 6 per cent in 
the former and of 11 1 per cent in the latter This difference is significant 
Further, if the summer experiment of 1928 be included in the calculations then 
there were 5 lymph-adenoid goitres amongst 12 lats to whose deficient diet 


♦ It Ins been obser% ed in rats whose unnar\ excretion of iodine was as high as 200 000 7 
per litre ’ ' 
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iodine was added and 7 amongst 18 to wliose deficient diet it was not added, 
an incidence of 41 6 pei cent in the founei and of 14 5 pei cent in the latter 
Again the difteience is 'significant, it appeals to indicate that lymph- 
adenoid goitic IS 11101 c likely to aii'-e in lats, fed on the deficient diets used in 
these expeiiments, wdien iodine is adininisteied to them than when it is not 
This lesult IS in accoul with that of a leceiit siiive> of goitie in 2,651 rats used 
foi expeiimental puiposcs in these laboi atones duiing 1926-29 It was found 
m this survey, that tlic administiation ot iodine to dcficiently-fed rats was 
definitely favouiable to the deielopinent of ‘goitie’ (^IcCanison, 19305), 
while its administration to well-fed lats. was not Tlicse observations suggest 
that difteient effects aie pioduced on tlie th%ioid gland by iodine in the presence 
and in the absence of <t "iifiicicncv of fat-soluble \itaniin& Tiie piactice is now 
being followed of estimating the iodine-content of one lobe of the goitious gland 
while using the othei foi histological study One such case is shown in Plate 
XLII, figs 10 and 11 and Plate XLIII, fig 9 The nuinbeia so examined are 
as yet few, but they indicate that the lodinc-content of cxpeiimentally-produced 
lymph-adenoid goities may' be only l/20th to l/3id of that in the noimal gland 
even in lats to wdiosc deficient diets iodine was added It w’ould seem, theie- 
foie, that in the piesence of ceitam foocl-deficiencies, chiefiy those of fat-soluble 
vitamins, the capacitx of the thyioid gland to deal wuth iodine m a noimal 
way may be impaiied, an obseivation which may have an important beaiing 
on the vaiying lesult'^ of iodine piophylaxis in different individuals In this 
connexion the obseivation of Rabinow'itch (1929) is of inteiest, he finds that 
a combination of lelativeh minute cjuantities of oiganic iodine with a concen- 
tiated piepaiation of fat-soluble vitamins causes as niaiked a lowering of the 
metabolic late m Giaves’ Disease as laigci doses of iodine when not combined 
w'lth these vitamins Fiasei and Caraeion (1929) have made a similai obser- 
vation using small amounts of sodium iodide instead of oiganic iodine 

E Relation of vitanMn C-deficiency to the development of lynnph-adenoid 

goitre in rats. 

It has been said that deficiency of vitamin C wms one of the two mam 
faults m the diets hitheito used m the expeiimental production of lymph- 
adenoicl goitie m lats One-hunch ed-and-one young lats w'eie fed on synthetic 
diets deficient in vitamin C, but complete in otliei respects In none of these 
did goitie of any kind occui It is evident, theiefoie, that deficiency of this 
factoi is not the pai amount food-fault concerned in the causation of lymph- 
adenoid goitie m lats These animals seem to tluive faiily well on synthetic 
diets lacking vitamin C-contaimng foocl-stuffs, though then eagerness to secuie 
them IS, to my mind, a sufficient indication of then need for them Ot ei 
animals, including man, are moie sensitive to want of this factor I hesitate, 
theiefoie, to absolve vitamin C from all connexion with the development of t is 
type of goitie, foi though rats may be able to do without it man certain y 
cannot Further, although it max' hax'e no influence m cau'^ing lymph-adenoic 
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goitie in lats when it ib the sole dietaiy defect yet its influence may not be 
negligible when associated with deficiency of fat-soluble vitamins It is to be 
remembeied also that m guinea-pigs deficiency of vitamin C may cause the 
thyroid gland to be several times its normal size, consequent on congestion or 
hsemoirhagic infiltiation of the organ (IVIcCairison, 1919) , the effect on the 
thyioid gland of an insufficient supply of this vitamin in the food of man 
may not, therefoie, be negligible 


F Relation of vitamin D-deficiency to the development of lymph-adenoid 

goitre m rats 

The lesults of the experimental study of lymph-adenoid goitre, so far as 
it has gone, would appear to indicate that deficiency of fat-soluble vitamins is 
the dominant dietetic factor on which the development of this condition 
depends An attempt was, therefoie, made to determine which of these-— 
A or D — was the moie important Thiity-six young lats weie fed on a purely 
vegetable diet deficient in fat-soluble vitamins and in vitamm C Eighteen 
of them were exposed foi two hours daily, dm mg the summei months of 1929, 
to the direct rays of the sun, which at this altitude and latitude are very 
powerful The backs and flanks of the animals were smeaied witli vegetable 
oil in order fuither to promote the foimation of vitamin D The rats had 
thus opportunity to secuie the activated oil from then own coats The othei 
18 animals weie kept m the dark, their urinary excretion of iodine averaged 
48 y per litre, no goitre occurred amongst them Amongst those exposed to 
the sun's rays the aveiage urinary excretion of iodine was higher (96 y per 
litre) , there were two cases of lymph-adenoid goitre m this group of which one 
shown in Plate XLII, figs 10 and 11 and Plate XLIII, fig 9 If sunlight be a 
sufficient substitute for vitamin D, then the results of this experiment would 
appear to indicate that deficiency of this factor is not the paramount dietetic 
influence concerned m causing lymph-adenoid goitie in rats The experiment 
is, howevei, a preliminary one, others in which concentrates of vitamins A 
and D are given or withheld are now in progress, and their results will be 
reported at a later date 

In this connexion it may be mentioned that it is the piactice in these 
laboi atones to expose all our experimental animals to the sun’s rays two or 
thiee times a week As none of them have ever shown obvious signs of 
vitamm D-deficiency we have come to regard this practice as a sufficient 
sub'ititute foi the provision in the food of vitamin D-beaiing substances 


Siimmary 

1 The expeiimental pioduction of lymph-adenoid goitre in rats, by means 
of 1 diet composed of white biead and dried yeast, is confirmed The averase 
urinary excietion of iodine by lats fed on this diet was 75 y per litre 
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2 Rat-^ feel on tin-' diet aie nioic likch to develop lymph-adenoid goitre 
duiing the spiing and siiiniiiei than dining the autumn and winter It is 
consideied that the -'ea-'onal incidente of the condition is not determined by 
the action of tcmpeiatuie pci se on the thyioid gland 

3 The addition of "lakeil lime to the diet of white biead and yeast had 
no influence on the incidence ol the goitie^ caused b\ thi-^ diet, though it 
appealed to augment the ■'i/e ol tho-'O occ lining dm mg the suminei months, 
its addition to the diet dm mg the wintei months did not cause an inciease in 
size of the tluioid gland 

4 The addition of iodine to this diet appealed to meiease the incidence 
of hmph-actenoid goitie m the -pi mg and summci, but not m the autumn and 
wmtei expeiiments Thi> condition was nio-'t common m lats to whose diet 
iodine was added and whose uiinaij excietion of iodine aveiaged 122"/ per 
litre 

5 A description ol four lepicseiitatiie specimens of evperimentally- 
pioduced Ivmph-adenoid goitie in iiits is piovided by Dis Williamson and 
Peaise A\ho oiigmally desciibcd this condition in man The expeiimentally- 
pioduced lymiih-adenoid goitie i" identical wnth that occur ring in man 

6 The faults common to the diets hitherto used in the expeiimental- 
pioduction of Iviiiph-adenoid goitie are (n) deficiency of fat-soluble vitamins 
fA and D) , and (b) deficiency of vitamin C 

7 Rats fed on synthetic diets deficient in i itainin C, but complete m other 
respects, did not develop lyniph-adcnoid, oi othei, goitre 

8 Ly'^mph-adenoid goitre oceuiicd m 2 out of 18 rats fed on a diet having 
the above faults, although they wmie exposed daily to the cliicct lays of the 
sun, and wmie, piesuinablv, acquiimg a sufficiency of vitamin D in this way 
The average uiinaiy excretion of iodine by rats so treated was 96 y per litie 

9 By a process of exclusion of other vitamins, ntamm A-deficiency 
wmuld appear to be the chief dietetic factor concerned m causing lymph-adenoid 
goitre in rats, but fuithei cxpeiiinentation is necessary before the relative 
importance of the fat-soluble vitamins (A and D) can be finally determined 

10 It is pointed out that while vitamm-deficiency appears to be the mam 
dietetic factor concerned in causing lymph-adenoid goitre m rats ^without 
wdiich it has not up to the present been observed to arise — ^the possibility has 
to be borne in mind that some unknown positive agency may be associated wi i 
the negative one of vitannn-deficiency m the causation of this type of goitie 

11 It would appeal fiom the results of these experiment that m the 
absence of a sufficiency of fat-soluble vitamins in the diet the thyroid gland is 
unable to deal with iodine in a normal way, and, that its administration m 
these cii cumstances may actually favour goitie-pioduction It seems 

that the varying results of lodine-prophylaxis m diffeient individuals may e 
related to the varying amounts of these vitamins in the diets 
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Explanation of Plvte XL 

Fig 1 Showing lymph-adenoid goitie (2,547 Table III) on the right, in 
coinpaiison with a normal thyioid of a female rat of the same 
body-weight as the goitious animal 

2 Showing on the light anothei lymph-adenoid goitie (2,544 Table III) 
in coinpaiison with a noimal thyioid on the left 
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Explvnuion 01 Plvil: XLI 

3 and 4 Sections of 1} inph-adcnoul goitie (2,544 Tabic III), for 
desciiption see text 

5 Section of hmph-adenoid goitie (2,551 Tabic III) shoi\ing aiea of 

gland in ^\lnch thcic aie ^cslcles containing an abundance of 
colloid Foi desciiption see text 

6 Section of 1} inph-adenoid goitic (2,551 Tabic III) showing focal 

lymphoid icaction 
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Fig 5 



Fig 4 



Fig 6 


Em'lw’miov or Pi vii XLII 

Fig 7 Section of hinph-.ulonoul goitic (2,552 Table III) <;ho\ving less 
intense hmphoul leaition and pooi cluomatism of the glandular 
epithelium An engoiged \csscl occupies the cential pait of the 
figuie 

y, 8 Aiea of hjpeiplasia m Ivniph-adciioid goitie (2,552 Table III) 
Figs 10 and 11 Pligh powci mows ol parts ot Fig 9 showing the typical 
appeaiances of wcll-ad\ anced Ij iiipli-adenoid goitie 
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\ Material 

\ In the couise of his investigations on the causation of uiinary calculus 
\cCairison, 1927a, 1927b, 1927c and 1928) Colonel McCariison (1930) has 
id that by adding slaked lime to ceitam diets deficient m vitamin A, them 
producing potency is greatly inci eased, so much so that in ceitam 
Iments theie has been an almost cent per cent incidence of urinary calculi 
lats fed on these diets'* Pievious analyses of lat stones, produced by 
wcomb and Ranganathan, 1930), have shown them to be composed foii 
part of ammonium magnesium phosphate, his object, for some time 
Deen to alter this composition by dietetic means A number of diets 
I used for this purpose, and the task with which he entrusted me 
t-e an analysis of some of the stones arising m rats fed on these diets 
i,ones were handed over to me, no particulars other than their serial 
ng pioMded until the analyses were completed, when information 
et nas provided for purposes of con elation It was at once obvious 
vsical chaiacteis of the stones m this senes differed markedly from 
1 previous series (Newcomb and Ranganathan, 1930) they weie as 
p 01 greyish- white m colour, and usually multiple, their appearance 
^ ^ , and often the concretions consisted of fine rounded, chalky grams 
tendency to adheience into a single mass In weight they varied 
^ t:'" Inn 2 to as much as 800 mg Sixtj were bladder stones, 15 were 




J, MR 


* IJnpubhshed results 

( 599 ) 


16 




S Bmiganathan 


601 


(.3) A rat stone, composed for the most part of calcium carbonate, was 
-treated with normal sulphuiic acid, when a flocculent, insoluble mass sepaiated 
out This was centrifuged, the supernatant liquid discarded and the flocculent 
mass again extiacted with noimal sulphuric acid and treated as in (1) 

All three specimens gave good titration values, but none gave a sharp 
and definite end-point It was concluded, therefoie, that the titration values 
obtained in lat stones were due to the presence of oiganic matter and not to 
the presence of oxalates, a conclusion confirmed by the failure to detect oxalic 
acid in these stones by qualitative tests Hence it was that in stones which 
did not permit of a complete, quantitative, micio-chemical analysis, estimation 
of oxalates was not done, even when the estimation was done in largei stones, 
the titration values weie discaided, because the values obtained m most instances 
weie far higher than could theoretically be expected, and because of the lack 
of confiimatory evidence by the qualitative tests 

(c) Qualitative analysis of stones weighing 5 milligrams oi less — Of such 
stones there were 25 in the present series of 78 Each stone was powdered and 
the powder divided into three appi oximately equal portions, two being tians- 
ferred to two micro-test-tubes (0 5 X 5 0 cms , capacity about 1 5 c c and 
usually weighing about a gramme) and the third to a watch-glass 

To the first tube three drops of concentrated nitric acid were added, 
effervescence, indicating the probable presence of carbonates, commonly 
occmied Three drops of phosphate reagent (ammonium molybdate in 
concentrated nitric acid) was then added and the tube slightly warmed, when 
if phosphates were present there appeared the chaiacteiistic, golden-yellow 
piecipitate The limit of detectability of phosphates by this test was found, 
in a series of contiols, to be as low as 0 01 of a milligram of P2O5 

To the second tube three drops of normal sulphuric acid were added, the 
piesence of carbonates being indicated by a brisk effervescence A tiny drop 
of methyl red, followed by two diops of a saturated solution of ammonium 
oxalate, was then added and the contents neutralized to methyl led by ammonia 
The tube was waimed m a water-bath, a piecipitate indicated the presence of 
calcium, an indication confirmed by the insolubility of the precipitate in acetic 
acid If calcium was not present or if present only m traces, as indicated by 
a slight opalescence, then two drops of a strong solution of sodium phosphate, 
followed by two drops of concentiated ammoma, were added The tube was 
violently shaken and examined after 10 minutes A crystalline precipitate 
indicated the presence of magnesium, magnesium was tested for only in the 
absence, 01 doubtful piesence, of calcium 

The third fraction m the watch-glass was mixed with 2 or 3 drops of con- 
centiated nitric acid and evaporated to diyness on a slow electric heatei Aftei 
cooling, a drop 01 two of very dilute ammonium hydroxide was added when 
if uric acid was piesent, a deep purple colour appeared One-fiftieth of a 
milhgiam of uric acid can be detected in this way 

The lesults of these analyses are set out m Table I 
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Chemical Composition oj^ Unnaiy Calculi in Rats 


TviiLi: I 

ShoiLing the chenncal compot^ition of 25 lat ‘.tones that weighed 5 niillujiams 

01 less 

Diiections -}-(')= Doubtlul oi iamt tiace, -j- = Pie=ont, -{-+ = Fan 
amountb, ++-1- = Plent> , 0 = Nil 
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number 
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(d) Quantitative analysis of stones weighing 5 millig'iains oi 
such stones theie weie 53 The micio-chemical methods adopted m 
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analysis weie those described m a pievious paper (Newcomb, 1930) The results 
of then anatysis aie set out in Table II 


Table II 

Showing the chemical composition of 53 rat stones weighing 5 mg or mo?e 


Stone 

num- 

ber 

Weight 
of stone 
mg ■ 

Mois- 
ture 
Per cent 

As PERCEI^TAGES ON MOISTURE-FREE 
SAMPLE 

Mure-| 

\ide 

test 

Diet 

Location of 
stone 

Total 

mtrogen 


CaO 

MgO 

O 

p 

23 

30-3 

1 

55 

2*4 

Tiace 

43-0 

2-0 

43 4 

0 

A 

Kidney 

26 
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27 4 

0-7 

00 

29 0 

00 

OO 
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99-8 ! 

438 

11 

i 

Trace 

28-0 

OO 

Trace 

0 

A 

Do 

45 

81-2 

1 6-0 

12 

09 

450 

18 

35 6 

0 

C 

Do 

46 

43-5 

1 10-1 

16 

Tiace 

307 

Trace 

215 

0 

A 

Do 

48 

20 6 

116 

14 

00 

324 

OO 

OO 

0 

C 

Do 

50 

30-7 

1 8-5 

15 

Tiace 

37-0 

14 

25 5 

0 

E 

Do 

51 

18-5 

114 

( 

2-4 

00 

35 5 

OO 

OO 

0 

C 

Do 

52 

59 3 

1 

1 1 

08 

426 

Tiace 

29 1 

0 

C 

Do 

53 

286 3 

’ 13 3 

05 

09 

403 

2-0 

26 5 

0 

E 

Do 

54 

37 5 

184 

11 

2-7 

43 2 

16 

38-4 

0 

E 

Do 

55 

43-9 

50 

15 

1-3 

40 0 

Trace 

22*2 

0 

C 

Do 

56 

245 4 

' 19 0 

} 0-9 

07 

29-9 

00 

8-6 

0 

B 

Do 

59 

370-0 

35 5 

j 07 

03 

29-1 

Trace 

51 

0 

A 

Do 

61 

13-7 

8-8 

1 23 

10 

38-1 

OO 

22*2 

0 

C 

Do 

63 

59 2 

116 

12 

03 

45 7 

OO 

54 

0 

c 

Do 

66 

200-9 

19-9 

1 5 

07 

32-6 

35 

12-3 

0 

E 

Do 

67 

216 

7-9 

3-6 

IS 

32 4 

2-5 

288 

1 ° 

i E 

Kidney 
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Tabli" II — concld 


Stone 

num- 

ber 

Weight 
of btone 
mg 

Mois- 

ture 

Pei cent 

\b 

I’HICI NTVarb ON MOIsTUHI- 

bVMl'ir 

-HU t 

1 

\fni r 

1 

J 

' Diet 

) 

[ 

Location of 
stone 

1 ot ll 
mtiogeii 

P.0, 

1 

1 

CiO 

MkO 

CO 

\ul( 

1 test 

71 

812 

9-2 

1 

0-8 

Tr ice 

115 

0*0 

10*6 

0 

1 C 

B1 idder 

72 

20 6 

8*7 

3*2 

0*9 

115 

00 

1 Tr ice 

0 

, c 

Kidney 

75 

32-5 

37 

0*6 

i 1 3 

1 

11 2 

I 0 

' ST3 

1 

0 

1 

i V 

Bladder 

76 

513 

TS 

IS 

1 

, 1-’ 

3S-0 

1 6 

33 7 

0 

B 

Do 

77 

288-6 

86 

0-5 

0-5 

117 

1 1 

i “S 

0 

! 

, B 

Do 

78 

72-9 

113 

0*9 

0-5 

37*3 

1 0 

' 215 

0 

; c 

Do 

79 

15-9 

5 7 

35 

1 3 

39*7 

3*0 

, 39 7 

0 

’ c 

1 

Ureters 

82 

112 7 

29 7 

07 

0 5 

27 8 

0*0 

1 Tirce 

1 

0 

n 

j BI idder 

83 

123 0 

IS 1 

06 

o-i 

29*5 

00 

I 

1 Tiue 

, 0 

I 

Do 

84 

73-0 

9*1 

1 6 

0*3 

108 

0*0 

7 5 

! 0 

1 

A 

Do 

86 

122*1 

ISO 

1 5 

0*9 

13 7 

12 

36*2 

! 0 

E 

Kidnev 

87 

83 6 

22 1 

, 09 

0 5 

116 

2 2 

19*9 

1 

0 

E 

Bladder 

88 

lS-9 

7 1 

{ 3*5 

IS 

316 

3*2 

23 3 

0 

C 

Kidney 

^9 

14 6 

11 0 

29 

1 5 

310 

IS 

28*0 

0 

' c 

1 

Bladder 

91 

550 7 

19 3 

1 1 

03 

29 4 

00 

Tiacc 

0 

1 

A 

Do 

92 

17 5 

4 0 

17 

1 9 

41 1 

1 5 

39 1 

0 

A 

Do 

93 

36 7 

19 7 

07 

07 

53 5 

Tiace 

34 9 

0 

A 

Do 

94 

517 

3*5 

0 1 

16 

43 2 

2*1 

39 0 

0 

E 

Do 

95 

237 2 

41 9 

15 

07 

26 7 

0*0 

Tiace 

0 

B 

Do 

96 

59-5 

27 

1 1 

14 

27 6 

00 

96 

0 

B 

Do 

98 

13 4 

12 0 

2*1 

116 

37 0 

21 

Tiace 

0 

E 

Do 

99 

131 

38 

10 

23 

44 7 

32 

42 3 

0 

E 

Do 

101 

163 5 

2-6 

0-2 

12 

48*0 

16 

39 9 

0 

B 

Do 

103 

119 

9*3 

19 

2*2 

35 3 

12 

39*0 

0 

K 

Do 

104 

63 

48 

25 

1 9 

416 

28 

+ +* 

0 

A 

Uieteis 

106 

70 2 

39 

0-5 

17 

44 6 

22 

43 8 

0 

K 

Bladder 

108 

110 

39-1 

50 

36 8 

4-3 

24*4 

Trace * 

0 

M 

Do 


* Tested only qualitatively as there was not enough stone-material for quantitative work 
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Results of the analyses 

It will be seen fiom Table I, that of the 25 stones weighing less than 5 
milligrams, only 5 contained appieciable amounts of magnesium and phos- 
phates, with tiaces of calcium The remaining 20 stones weie iich in calcium 
with little 01 no phosphates in them iMost of such stones were also rich in 
caibonates, while there were a few which contained carbonates only in small 
amounts oi in traces It will be seen fiom Table II that stone No 108 differs 
from the rest m being veiy rich in phosphates and magnesium, comparatively 
iich m nitrogen, and very pool in calcium and carbonates Because of insuffi- 
ciency of mateiial, ammonia was not tested foi in the 6 stones in this series 
which weie found to be rich in magnesium and phosphates, it is, however, 
assumed that the magnesium existed as the ammonium magnesium phosphate 
This assumption is wan anted by the positive tests for ammonia given by some 
stones, repoited previously (Newcomb and Ranganathan, 1930), wherein there 
was a sufficiency of mateiial foi the peiformance of this test 

Omitting stone No 108 fiom the following consideration of the results of 
the quantitative analyses, it will be seen from Table II that nitrogen occurred 
only in small amounts, vaiying from 0 2 to 3 5 per cent, the average being 
1 43 per cent The Murexide test shoved that it did not exist as uric acid, 
the natuie of the nitiogenous compound could not, however, be detei mined as 
it occurred m such small amounts and theie was not a sufficiency of stone- 
material to admit of its detei mmation Phosphates, too, occurred only in 
traces, the average content being 1 12 per cent The stones were rich m calcium 
and carbonates, the average content being 38 16 and 21 8 per cent respectively 
of the dry weight of the stones Magnesium was present only m small amounts, 
the average being 1 16 per cent 

It vill also be seen from Tables I and II that while there are some stones 
containing fairly large amounts of calcium, with approximately equivalent 
amounts of carbonate, there are some equally rich in calcium with little or no 
carbonates Qualitative tests for the presence of sulphates, cystine, formate, 
acetate, butyrate, oxalate and succinate showed that the calcium is not held 
m combination with any of these radicals, it could not exist in combination 
with any organic nitrogenous compound, commonly found in urine, since the 
stones contain nitrogen only in traces It was, therefore, suspected that the 
calcium might exist as its hydroxide Such stones (containing fair amounts of 
calcium with little oi no carbonates) when treated with a small quantity of 
distilled vatei were alkaline to litmus and methyl red But the addition of 
a drop of 0 1 N sulphuric acid ga\e a distinctly acid reaction, which again 
turned alkaline after violent shaking and gentle warming The following 
experiment repeated vith six stones (Nos 48, 53, 59, 66, 91 and 95) vas 
therefore, designed to prove that stones containing fair amounts of calcium 
vith little or no carbonates are composed for the most part of calcium 
hjdroxide Weighed amounts of the dra, powdered stones were treated with 
an excess of decinormal sulphuric acid and boiled for oier five minutes vhen 
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cold they weic back-titiatcd again&t decinoinuil alkali ’.\ith a chop of inetlijlred 
as indicatoi In all 6 ‘'tones, the acid used up was apjncciable, but the amounts 
used up ^\ele not stiictly eciuivalcnt to the amount of calcium piesent in the 
stones Piesumablj, the molecules ot calcium h} dioxide aie coated with a 
thin film of some uimai> colloid which lendeis the penctiation of acid dilBcult, 
and at best, impcifcct This ma\ po-'ibh c\])lam whv -'iich stone-pow^ders did 
not use up appicciable anioimts of acid when titiatcd direct However, the 
same stone-powdeis, when boiled with excess ot acid, took up cer}' appieciable 
amounts of it E\cn then, the piocess of neutialization wa& iinpeifect, for the 
lesidiie left oxei aftei the end-point w.is leached, when fieed completely fiom 
acid by lepeatcd washings with distilled watci, and boiled as befoie wuth 
decinoimal sulphuiic acid, wais found to use up a poition of the acid added 
Fuithei, the stones, containing laigc amounts of calcium with little oi no car- 
bonates, libeiated ammonia when boiled w'lth a solution of ammonium chloride 
These tests show that the calcium m such stones exists as calcium hydroxide 
The moistuie-contcnt of the stones vaiied widch fiom 2 1 to 49 3 per 
cent the aveiage being 14 17 pei cent Compaiing the moistui e-content of 
the stones wuth then geneial composition (Table III), it is seen that the 
moistui e-content senes as an appioximatc guide to the composition of the stone 
those wnth a low' moistui c-eontent, below' 10 pei cent, and especially those below 
5 pei cent, consist mostly of calcium caibonate, those iich m moistme, viz, 
above 20 pei cent, consist foi the most pait of calcium hydi oxide, and those 
w'hose moistui e-content lies between 10 and 20 pci cent, consist mostly of 
mixtuies of calcium caibonatc and calcium hych oxide m vaiying propoitions 

T\ble III 


Showing the influence of moistui e on the chemical composition 


Moisture-content 

1 

Numbei of cal- 
cium caibonate 
stones 

Number of cal- 
cium hydroxide 
stones 

Numbei of mixed 
stones 

Total 

6 0 per cent and 
below 

10 

0 

1 

11 

Between 5'0 and 
IC’D per cent 

14 

1 

2 

17 

Between 10*0 and 
20 0 per cent 

5 

4 

7 

16 

Ovei 20 0 per cent 

0 

6 

2 

S 

Totals 

29 

11 

12 

52 


Composition of stones from various parts of the urinary tract 

There weie m the piesent senes of 78 stones 60 bladdei stones, 15 kidney 
stones, 2 uietei stones and one chalky giavel fiom the prepuce There was not 
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in this senes any parti culai association between the location of the stone and 
its composition Data relating to- the location of the stone and chemical com- 
position are shown in Table IV, in the construction of which the principal 
constituent of the stones is leckoned 

Table IV 

Showing the location and the geneial composition of stones 


Location of 
stones 

Number of 
stones 

Number of 
calcium 
carbonate 
stones 

Number of 
calcium 
hydroxide 
stones 

Number of 
mixed 
stones 

NTumber of 
magnesium 
ammomum 
phosphate 
stones 

1 

Total 

Bladder 

60 

27 

11 

16 

6 

60 

Kidney 

15 

10 

2 

3 

0 

15 

Ureters 

2 

2 

0 

0 

0 

2 

Piepuce 

1 

1 

0 

0 

0 

1 

Totals 

78 

40 

13 

19 

6 

78 


Diet and chemiccd composition 

Of the 78 stones, whose chemical composition was investigated, 72 contained 
laige amounts of calcium with veiy little phosphate, while 6 contained appre- 
ciable amounts of phosphates and magnesium with traces of calcium The 
whole set of stones lange themselves into two distinct groups calcium stones, 
whei ein the calcium exists either as the carbonate oi the hydroxide or a mixture 
of both, and magnesium ammonium phosphate stones 

Tables Va and Vb show the diets employed by Colonel McCanison 
in the pi eduction of the present series of 78 stones 

Table Va 

Showing the composition of deficient diets containing added lime 

4 White breid 97 per cent 


Dried j e 1 st 
Lime 

Iodine solution (1 mg of iodine per litie) 


5 grains per rat per daj 
5 drops per rat per day 








Ckcnncal Co„>o>< o/ O, uuuy CahuU Rate 



C White brc'id 
Diieil jeast 
Gingelli oil 
Lime 

lodino solution (1 n.^ 

E White biead 
Dned yeast 
Lime 

Iodine solution (1 nio' i 

“ u mg of iodine per Jitie) 

Manganese chloiide 


H White biead 
Lined 3 east 
Lime 


Distilled watei containing 0'25 
Ltie of watei foi dunking 


mg of iodine 
pm poses 


pei 


5 griiiis pel lat per day 
95 per cent 

3 „ 

o 

»» u 

5 giiuns per rat per day 
5 drops jier rat per day 

97 per cent 

3 „ 

5 glams pel rat per day 
5 chops per lat per day 
0 0327 mg per 1 it per day 

97 pel cent 

3 » „ 

5 gi ims pel lat pei daj' 


I White biead 
Dned yeast 

Radiostoleum m gmgelli oil 

lodme solutton (I ms of i„cl,„e pe, 

Lime 

J White biead 
Dned yeast 

lodme solution (I mg .pdine pe. litre) 
Lime 


95 per cent 

3 „ „ 

9 

» }? 

5 diops pel lat per day 
5 giains pel lat per day 

97 pel cent 

3 „ „ 

t 

5 diops pel rat per day 


91 
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Table Vfe 

bhovnng the composition of deficient diets containing no added lime 


D Oatmeal 

Linseed meal 
Corn flour 
Sodium chloride 
Calcium phosphate 
P White flour 
Linseed oil 
Sodium chloride 
Calcium phosphate 
G White flour 
Casein 
Olive oil 
GingeUi oil 

Salt mixture (without potassium iodide) 
Dned yeast 
K White flour 
Casein 

Hydrogenated fat 

Hydrogenated fat plus radiostoleum 
Salt mixture (without potassium iodide) 
Dried j^east 
L Casein 

Hydrogenated fat 

Hydrogenated fat plus radiostoleum 
Salt mixture (without potassium iodide) 
Dried yeast 


53 per cent 
20 „ „ 

25 „ „ 

f jj it 

1 , .. 

90 „ , 

8 , , 

1 „ , 

1 « „ 

20 „ „ 

60 „ „ 

8 „ „ 

2 » » 

6 » » 

5 , 

60 „ 

20 „ „ 


SO 


A study of Tables I, II, Vu ond Vb leyeals a close association 
between the diet and the chemical composition of the stones This association 
IS cleaily set foith in Table Yl, m the construction of which only the principal 
constituent of the stones is taken into consideration, Table 'VTI shows a similar 
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association aftei incoipoiating the iC'^ult^ of the picviou^ lepoit (Newcomb and 
Ranganathan, 1930) 

Tmilc VI 


Dj0t 


A 


B 

C 

D 

E 

F 

H 

I 

J 

G 

K 

L 


Totals 


Showing the m,i>ocialion between diet and chemical comj)osition 


Number of 
stones 


16 

13 

22 

2 

15 

1 

1 

2 

1 

3 


78 


Number oi 
cikium 

L irbon ite 
'.tones 

Number ol 
i ileium 
h% (IroMiIe 
'.tones 

Number ot 
m iKnc'.uun 
'immonium 
l)hospIi itc 
stones 

Number of 
mixed 
calcium 
stones 

1 

Total 


3 

0 

1 

16 

s 

2 

0 

3 

13 

9 

1 

0 

9 

22 

0 

0 

2 

0 

2 

s 

1 

0 

6 

15 


0 

1 

0 

1 

0 

0 

1 

0 

1 


1 

0 

1 

2 


1 

0 

0 

1 

2 

0 

0 

1 

3 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

36 

12 

6 

24 

7S 


Table VII 

Showing the association between diet and chemical composition 

[This includes lesults of the pievioiis lepoit (Newcomb and Ranganathan, 
1930) also ] 


Diet 

Numbei of 
stones 

Number of 
calcium 
stones 

Number of magnesium 
ammonium phosphate 
stones 

Those contaimng added lime 

1 73 

73 

0 

Those contaimng no added lime 

27 

0 

27 

Total 

100 

73 

27 


It IS thus seen that the stones, pioduced on diets to which e\tia lime was 
added, were composed eithei of calcium caibonate oi calcium hydio\ide oi a 
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mi\tuie of both, while the stones pioduced on diets to which hme was not 
added weie composed of magnesium ammonium phosphate The same associa- 
tion was observed in the previous series of 22 stones (Newcomb and Ranga- 
nathan, 1930) It is also seen that theie is no association between the diet 
and the paiticulai kind of calcium stones produced, foi, the same diets that 
produced calcium caibonate stones m some lats produced calcium hydroxide 
01 mixed stones in others Possibly, the stones oiigmate as calcium hydroxide 
and get deposited as such, in the absence of any available carbonate m the 
mine Fmther, it is endent from the foregoing observations that the addition 
of hme to the diet materially alteis the composition of the stone While it is 
generally contended that veiv little calcium passes thiough the urinary tract, 
and that most of the calcium ingested is excreted in the bowels, Colonel 
McCairison has found calcium in the urinary tract of one lat m as large 
amounts as a thirtieth of the body- weight of the animal Particular interest 
therefore attaches to the chemical composition of the present senes of stones, 
as it affords material for evaluating the influence of added hme on the composi- 
tion of rat stones The biochemical tracing of the course of the ingested hme 
is being investigated and the results will be communicated later 

Summary and conclusions 

(1) The chemical composition of 78 urmaiy stones, produced by Colonel 
McCarrison m albino rats by means of various deficient diets, is reported 

(2) There seems to be a close relation between the diet and the chemical 
composition of the stones, stones rich m calcium were pioduced on diets to 
which exdra hme was added, wdiile magnesium ammonium phosphate stones 
weie produced on diets to which lime was not added 

(3) Stones iich m calcium contain this element either as the carbonate 
01 the hydroxide or a mixture of both 

(4) Stones rich m calcium w’ere compaiatively poor m phosphates, there 
was httle mtrogen m them and no uric acid Even the magnesium ammonium 
phosphate stones, though containing fan amounts of mtrogen, did not contain 
any mic acid 

(5) The moisture-content of the stones varied widely from 2 1 to 49 3 
pel cent It serves as an approximate guide to the general composition of the 
stones, those relatively poor in moisture, w'ere composed of calcium carbonate, 
those iich in moistme w^ere composed of calcium hydroxide and those moderately 
iich m moisture were composed of a mixture of calcium carbonate and calcium 
hydroxide 

(6) There wms in this senes of 78 stones no association between the loca- 
tion of a stone and its chemical composition 

(7) The influence of the ingested lime on the urinary excretion of calcium 
is biieflj" indicated 
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Introduction 

Statements m the literature legardmg the composition of the nuclei of 
urinary calculi* are conflicting Thus, Langen (1929) states that ‘ nuclei are 
built up of calcium, phosphates and magnesium Besides organic ingredients 
aie regular ly found in them, sometimes still recognizable leucocytes and 
chemically traces of blood In the nucleus of the stone we found only now 
and again small quantities of oxalates and of urates, in the outer layers of the 
stone, however, these substances are often found in great quantities and they 
foim the chief ingredient with respect to structure and consistency of the fully 
developed bladder stones Especially the composition of the nuclei is very 
much the same in both kinds (i e , stones from human beings and those 
obtained by animal expei iments) , while the layers enveloping the nucleus, which 
have developed afterwaids, show more differences’ 

Iwano (1923) believes that the composition of ‘ the nucleus is of great 
importance mth regard to its (the stone’s) formation ’ and that it (the nucleus) 
has distinct relation to the age of the patient ‘ Uric acid and urate nuclei 
appear,’ he says, ‘ much more at advanced age, while phosphate nuclei occur 
most frequently in persons of ages from 30 to 60 years and far less m young 
persons Oxalate nuclei aie formed most frequently in persons between the 
first and fifth decennium ’ Gideon Wells (1925) considers that in all patho- 
logical concretions, including urinary calculi, ‘there must first be a nucleus of 
some substance different from the substance that is to be deposited, and which 
is most frequently a mass of desquamated cells but may consist of clumped 
bacteria, masses of mucus, precipitated pioteins or a foreign body of almost 

* Vesical calcub, as is well known, niai Iona around foreign matenal introduced artificially 
m the bladder The present imestigation deiL nith the nuclei of stones arisin- without 
this adi entitious aid “ 
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any soit’ Contiaiy to tlic above, Hampton Young (1927) obseives that the 
nucleus is usually a sohchfiecl agglonieiation of the same salts of which the 
calculi aie composed and foims the coie Lastlj, Shattock (1911), after an 
exhaustive study oi the inicioscopic stiuctuic oi uiinai} calculi, has shown 
that a nucleus of cellb oi othei oigamc mateiial i->, at least in uiic acid calculi, 
extiemelj’ laic, the ccntic being almobt aluays a pninaiy ci>stalhne deposit 
fiom a supci satin atcd solution 

The piesent invcbtigation was undci taken to asceitam how fai these 
statements applied to the nuclei ot the ''tones m Colonel McCaiiison’s collec- 
tion 

Chemical composition. 

Consideiable difficultj wa^ cxpeiicnced in finding the nucleus fiist, because 
it did not alw'ajs exist m the centic of the stone, though a centially situated 
nucleus wnth seieial concentiic layeis aiound it is a common aiiangement, 
second, because of the vaiying size of the nuclei which may lange fiom a tmy 
point to a faiily laige ma'?s w'eighmg as much as 70 milhgiams, thud, because 
of the existence of moie than one nucleus: m the same stone, and fouith, because 
of the absence of a nucleus in some stones 

Theie w^eie 61 whole stones and 189 ciushed ones in Colonel McCaiiison’s 
collection A cioss-section passing tlnough the geomctiic centie was made in 


Tvble I 

Showing the chemical composition of nuclei 




As PEBCENTAOES 0 > 





Weight 
of nu- 
cleus in 
mg 


Mois- 
tuie 
Per cent 

Total 

nitro- 

P=0» 

CaO 

iMgO 

c.o. 

Insoluble 

ash 

CO. 

Mure- 

\ide 

test 

Ammo- 

nia 



gen 









8 

41 

36 

16 

14 6 

0 

22 7 

32 0 

0 

++ 

— 

145 

20 

31 

9*0 

08 

28 8 

0 

47 0 

00 

0 

++ 

— 

16 0 

25 

1 1 

32-7 

Tiace 

63 

0 

77 

00 

0 

++ 

— 

284 

28 

0-7 

34 2 

Tiace 

13 

0 

12 

00 

0 

++ 

+ 

40 S 

29 

00 

34 5 

Tiace 

1 6 

0 

32 

00 

0 

+ + 

+ 

455 

46 

1 1 

34 0 

Trace 

Tiace 

0 

2*8 

00 

0 

++ 

+ 

37*8 

61 

3-2 

16 

09 

40 5 

0 

43 2 

00 

0 


0 

18*6 

95 

0*3 

33 5 

Tiace 

44 

0 

53 

00 

0 

++ 

+ (?) 

39 9 

139 

12 

217 

08 

15 0 

0 

17 8 

00 

0 

++ 

+ 

50-4 

150 

28 

34 0 

09 

44 

0 

7*4 

00 

0 

-1 — [_ 

+ 

14 2 

163 

40 

33 5 

18 

10 4 

0 


00 

0 

++ 

+ 

99 

187 

09 

0-5 

41 

39 7 

0 

416 

00 

0 

+ (?) 

0 

77-7 
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the whole stones The cut surface was cleaned and examined under a hand 
magnifying lens Only twelve stones weie found to have prominent nuclei 
laige enough to admit of a micio-chemical analysis, in the remaining 49 whole 
stones, the nuclei were either indistinct oi not biggei than a tiny speck The 
prominent nuclei were scooped out carefully and a complete quantitative 
chemical analysis made on them by micio-methods, moisture, ash insoluble in 
sulphuiic acid, total nitrogen, phosphate, calcium, magnesium and oxalates were 
thereby determined Qualitative tests for the presence of mic acid (Murexide 
test), ammonia and caibonates were also done on them The results of the 
chemical analysis are shown in Table I 

Table II shows the chemical composition of the stones from which the 
nuclei were separated 


Table II 

Showing the chemical composition of the stones from which the nuclei were 

removed 


Stone 

num- 

ber 

Mois- 

ture 

Per 

cent 

As PERCENTAGES 

ON AIOISTURE-FREE SAMPLE 


CO. 

Am- 

monia 

Mure- 

xide 

test 

Wt of 
stone 
mgs 

Ash 

Inso- 

luble 

ash 

So- 

luble 

ash 

Total 

nitro- 

gen 

P.0, 

CaO 

MgO 

C.O, 

8 

14 4 

63-5 

34 8 

287 

40 

10-2 

12-3 

59 

13 6 

0 

0 

+ 

no 

20 

93 

37-2 

Trace 

37 2 

14 2 

110 

20-4 

Trace 

16-7 

0 

0 

++ 

34 0 

25 

15 

2-8 

0-0 

2*8 

30-3 

0-0 

25 

Trace 

30 

0 

0 

++ 

25 0 

28 

14 

02 

0-0 

0’2 

32-9 

0-0 

0'2 

0"0 

00 

0 

0 

++ 

no 

29 

3-6 

37 

0-0 

37 

313 

16 

0-7 

0-7 

00 

0 

0 

++ 

380 

46 

12 

1 1 

0-0 

1 1 

32-6 

Trace 

0-3 

00 

00 

0 

0 

[- 

lO'O 

61 

34 

380 

0-0 

380 

0-7 

Trace 

36'0 

Trace 

445 

0 

0 

+ (?) 

480 

95 

19 

10 

0-0 

10 

32-9 

Trace 

(79 

0-0 

Trace 

0 

0 

++ 

27 0 

139 

9-6 

18 6 

0-0 

186 

23 8 

69 

79 

37 

75 

0 

0 

^ H 

66 0 

150 

36 4 

63:0 

Trace 

630 

112 

37 6 

18 

22-6 

0-0 

0 

0 

++ 

112 

163 

2-7 

27 8 

0-0 

27*8 

12'8 

89 

22*4 

O'O 

24 6 

0 

0 

++ 

410 

187 

2*2 


0-0 


14 

94 

387 

86 

284 

0 

0 

+ 

14 0 


(The stones were analysed by macro-methods ) 


It Will be seen from Table I that the nuclei, though appearing homogeneous 
undei the magnifying lens, were not composed of any one single substance 
Phosphates occur red only m traces, while urates and uric acid, and oxalates 
formed the chief constituents of the nuclei Seven nuclei contained uiic acid 



bib Cltcimcal Coniposihoit ol ‘ yiidcns ’ of U nnanj Calculi 

and mate loi llic mobt jiuit, loin lontamed calcunu oxalate, and only one 
contained a nnxtinc of inic acid oi mate and falcimn oxalate The percentage 
of nitiogen was m ^oine nuclei shghth highei tlian it ‘'liould have been had it 
cxi'^tcd ''Oleh as mic acid, piesumabK because of the i^icscncc of ammonium 
mate The incscncc ol ammonia in such nuclei was tonfiimcd b} the qualita- 
tno test 

Fiom a study of Tables I ami IT it is appaient that, 

(1) the chemical composition of the nuclei did not ahva\s lun parallel 

with that of the stones en\ eloping them, though an appioxiraate 
paiallelism existed in a good mam instances, 

(2) the nuclei weie exccptionallv pooi m moistme, the percentage langing 

fiom 0 to 1 1, with an a\eiage of 1 9 pei cent, of the weight of 
the nuclei, 

(3) insoluble ash occuiicd onh in one instance (No 8) wheie the stone 

and its nucleus contained it in iieaih the same miounts, 

(4) phosphates occmicd onh in tiaccs m the nuclei, the a\ciage content 

being 0 9 pei cent , the stone?, enclosing tiiem contained it in 
much laigei amounts, the aceiage being G 7 pei cent of the weight 
ot the moistme-ficc stone 

Age of patient and chemical composition of the nucleus 

Table III shows the ages o'" the patients fiom wdiom the stones iveie 
lemoved and tlic chief constituent of the nuclei 


Tablu III 


Nucleus of slono 
number 

Ago in j'cais 

So\ 1 

1 

Chief constituent of nucleus 

S 

7 

i 

j 

Cilcium ovuhte 

20 

n ' 

iM 

Do 

25 

1 

jVI 

Unc acid oi mate 

28 

40 

F 

Do 

29 

50 

F 

1 

Do 

46 

4 

M 

Do 

61 

30 

M 

Calcium oxalate 

95 

30 1 

M 

Uiic acid Ol mate 

139 

12 

1 

j M 

Unc acid or urate and calcium 
oxalate 

150 

3 

; 

1 M : 

Uiic acid 01 mate 

163 

55 

M 

Do 

187 

10 

1 

M 

Calcium oxalate 
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It -nill be seen fiom the above table that unc acid nuclei occuiied as well 
in the ven ^oung (3 and 4 veais okU as m persons of advanced age (50, 55 
rnd 61 aeais) So fai as these observations go theie was no relationship 
between the age of the subject and the chemical composition of the nuclei 
The obseivatioiis do not support the conclusion of Inano (1923) 


Discussion. 

Langen (1929) has stated that the nuclei of bladder stones are made up 
of calcium, phosphates and magnesium with occasional traces of oxalates and 
of mates, and that the nuclei of human stones and of stones experimentally 
pioduced in lats hare the snme composition It mav be assumed, therefore, 
that line acid oi mate was occasionalh found in tiaces bv Langen in the 
nuclei of lat stones This has not been om experience, foi, in an analysis made 
bx the authoi of 101 uiinaix calculi pioduced expeiinientallj'' by Colonel 
^McCaiiison in albino lats, uiic acid w'as not even once detected The limit of 
detectabihtx of unc acid bx the 3tluiexide test is less than a fiftieth of a 
milhgiaiii and hence theie is no possibilitx' of missmg uiic acid even if it had 
existed m traces Fuithei, most of the stones, expeiiinentally produced in 
lats in this laboiatoix were xerx small — about 25 per cent of them were of 
a size which did not admit exen of a iiiicro-chemical analysis — consequently 
the difficulties of getting at the nuclei and of making a chemical analysis of 
them are so gieat that a definite pronouncement as to their chemical composi- 
tion IS not. 111 inx' opmion, possible 

• Summary and conclusions 

1 The chemical composition of the nuclei of 12 xesical calculi is reported 

2 The nuclei, though appearing homogenous under the magnifying lens, 
weie not composed of anx one single constituent 

3 Luc acid oi mates formed the chief constituents of the nuclei, phos- 
phates occuiied onlx in traces 

4 The composition of the nuclei did not alwmys run parallel xvith that 
of the stones containing them, though an approximate parallelism existed m a 
good minx'^ instances 

5 There seems fioiii this hunted senes of observations to be no relation- 
dnp between the age of the subject and the chemical composition of the nuclei 
of the stone 


Lixrpx (1929J 

Iwixo (1923) 

Gideon tVrns (1925) 

Hi'cu H-vmpton Xoung (1927) 

^iimocK (1911) 
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Introduction. 

In 1904 C Watson reported the pioduction of thyioid hyperplasia m 
fowls following the prolonged administration of raw meat He made a similar 
observation m lats m 1906, and m 1907, he found that wild rats kept m 
captmty, and fed on bread and milk, developed thyioid hyperplasia Marine 
(1914) observed thyioid hypeiplasia in biook trout fed on a diet of liver and 
heait-muscle, a change of diet to fiesh sea-fish was associated with an involution 
of this condition, the supposition bemg that the hyperplasia was related to a 
low iodine-content of the former, and its involution to a high lodme-content of 
the latter, diet The same observei (1915) noted the occurrence of thyroid 
hypertiophy in young rats when fed on fiver which was one, two or three days 
old, but not in those fed on fiesh livei or on liver which was five or six days 
old In 1917, Burget repoited the results of his ‘Attempts to produce 
expeiimental thyroid hyperplasia ’ He found that ‘ adult rats kept under 
hygienic conditions and fed on a high protein diet develop hypeiplasia of the 

( 619 ) 
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thyioid gland/ but that young, giowing lats (h) not He concluded fuithcr, 
that ‘ latb kept undei unhvgicnic conditions developed hyiieiplasi.i of the thjioid 
if gi\en a Hanchud diet of biead ind milk’, and ‘that unlngienie condition' 
plu^ a high piotein diet bung about a highei degiee ot Inpcipla&ia in the adult 
lat than eithci lactoi taken alone’ (Buiget, 1917) The-e conclusions A\eic 
ba&ed nuunh on the sue of the tliMoid as ileteiimneil b\ weight He used 
the teini ‘ tliMoid liypeiplasia ’ to "igmfc ‘ tliMoid enlaigcinent ’ 

Lieut -Colonel C Newcomb luu subjected Buigct’s ic'ulta to statistical 
examination He finds that the dilleiciKe m weight of the thvioids of lats fed 
on Buigct’s standaid diet and on the high piotcm diet' aie not significant, 
whcthci the lats weie adults oi \oung and gi owing E\en if the diffeicncc 
had been significant it could not with ceitaintc ha\e been attubuted to tlie 
high piotein Buigct’s tontiol anmnls weie fed on a standaid diet of biead 
(white biead pic-'iimabh) and milk, tho'C m which he de&iied to obseue the 
effects of high piotein on the tliMoid gland weie fed on h\ci oi inu&clc mixed 
with a little oatmeal oi biead ciumb" Ncithei ol these diets is complete, and 
the> diftci fiom each othei not onh with lespcct to then content of protein 
but wnth lespect to then content oi lats, caiboh} diatC', mmcial salts and 
Mtaniins His obsenations with legaid to tlie eftects ol iinlugienic conditions 
aie, on the othei hand, statisticalh significant The% indicate that wdiethei 
the diet was one ot biead and milk, of h\ei, oi ot lean beef and oatmeal, lats 
fed upon them had laigei tliMoids when kc))! undei unhygienic conditions than 
when kept undei lugienic conditions In this lespect Iiis obscivations aie in 
agi cement with nn own (IMcC’aiiison, 1914, 1928n and 1930fi) They emphasize 
the impoitance of iigidh excluding the goitiogcmc influence of ‘diit 
in all expciiments designed to dcteimme the eftect on the tlnioid gland of 
dcficienc\ oi excc'^s of any food constituent 

In yiew of the pioven goitiogcmc influence of ‘chit’ (jMcCaiiison, 1930fl), 
of the ‘ incoinjiletc ’ natuie of the expeiimcntal diets hitheito used m studying 
the effect of high piotein on the tluioid gland, and of the impoitance, as showai 
by lecent noik in this laboiatoij (McCauison, 1927, 19286 .ind 19306), of an 
insufficient supph of fat-soluble yitainins in faiouiing the genesis ot a ceitain 
type of goitie, it seemed dcsiiable to lecoiisidei the question of the effect of 
high piotein on the tluioid gland undei yaiying conditions of yitamin and 
lodine-supph , the factoi of unhygienic conditions of life being iigidly excluded 
thioughout the investigation 


The experimental diets 

It IS not possible to devise a senes of expeiimental diets m which the 
piotein-content is the only vaiiable, foi as the piopoition of piotein is inci eased 
that of some othei constituent oi constituents is coiiespondmgly i educed It 
was decided, theiefoie, to aiiange that ceitain essentials should be piesent m 
adequate quantity and constant m amount, vaiiations being made only m the 
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amountb of piotem, caibohydiate, iodine and fat-soluble vitamins To this 
end a basal diet^ of the following composition was used — 


AVhite flour 

80 parts 

Olive oil 

8 

7) 

Salt-mixture 

5 

77 

Cod-hver oil 

2 

77 

Dried teast 

5 

77 

Distilled watei 

ad libitum 


[The salt-uuxtuie (McCoUum) consisted of calcium lactate, 39 grammes, calcium 
phosphate, 152 grammes, potassium phosphate, 2S‘62 grammes, non citrate, 3 54 grammes, 
sodium chloride, 519 grammes, magnesium sulphate 7 79 grammes, and sodium phosphate, 
10 41 grammes 1 

Variations of the piotem-caibohydrate-content of this diet weie made by 
leplacmg 20, 40, 60 oi 80 paits of the white floui by an equivalent amount of 
‘ meat -1 esidue ’ (ISIcCaiuson, 1926) oi of casein In the hist expeiiment meat- 
lesidue vas the source of the protein foi the fiist 69 days, and casein (not 
Mtannn-fiee) its souice duimg the leraaimng 137 days, in the second, meat- 
1 esidue was used foi the first 10 dajs and casein foi the remaimng 93 days 
Difficult in obtaining supplies of casein were responsible for this change in 
the souice of the piotem In the thud and fourth experiments casein was used 
till oughout 

Vanations in the iodine-content of the diets weie made by adding potassium 
iodide fO 5 giamme) to, oi withholding it fiom, the salt-mixture, as well as by 
giving 01 not gnmg cod-lnei oil, wdiich is a iicli somce of iodine Thus, in 
the fiist expeiiment the ]at«, lecenmg diets of vaiying protein-content, had 
iodine added to tlie salt-mixtuie, while in the othei three experiments this 
addition was not made In the fiist and second ex^ieiinients cod-liver oil 
foimed pait of the diets, in the thud and fomth it did not The lodme-content 
of the diets in the foiii expei iraeiits thus langed from veiy high to relatively 
low 

Similar h, laiiations w'eie made in the vitamin A and D-content of the 
diets In the fiist two expei iments both of these vitamins weie provided as 
cod-hvei oil, in the thud they weie pioauded, m lessei amount, as ' Radios- 
toleum' (B D H) dissohed m hydrogenated vegetable oil (1 drop of radios- 
toleum to 5 c c of the oil) In the fourth experiment neither cod-liver oil nor 
ladiostoleum was given, the animals weie thus dependent, for their supply of 
fat-soluble vitamins, on the casein, the olive oil and the sesame oil in the diet 


* Vitamm C is not mcluded m this diet, as rats seem to thrive quite well without it 
Its supply m the form of orange jmce would haie imohed the mtroduction with it of a 
ccrtam amount of the vitamins ( 4 and B) eontamed m the juice 
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Tliih supi)lv Wiib binall, but in so im .ib \itanun A \\ab conceincd it was rather 
moic, judging fioiii the iiKidcnce of b.icteiial iiifcotioiiN, than was piovided by 
the binall unount of ladiobtolcuni given in the tlnid cxpeiiment 
The dietb Ubcd in the foiu expeiinientb weie thub ab follow b — 


Ut cipcnmcnt (Ui-3-29 to 8-10-29) 


Diet 

. . t 

I 

II 

1 

1 

1 

III 

IV 

V 

Meat-iesidiie 01 casem 

0 

1 

20 

i 

10 

CO 

so 

White flour 

SO 

GO 

10 

20 

0 

Olive oil 

s 

i 

S 

s 

S 

s 

Cod-Iivei oil 1 

i 

2 

2 

2 

2 

1 

2 

Salt-nn\tuio (with K I) 


1 

5 

5 

j 

5 

5 

Diied yeast 

1 

i 5 

5 

0 

1 

1 

5 

1 

' 1 

5 


Distilled water ad libitum 


2nd eipeiimcnt (3-7-29 to 14-10-29) 


Diet 

I 

i II 

III 

IV 

V 

Meat -1 esidiie or casern 

0 

20 

40 

60 

so 

White floui 

80 

60 

1 

40 

20 

0 

Olive oil 

S 

s 

S 

8 

8 

Cod-livei oil 

2 

2 

2 

2 

1 

2 

Salt-rai\ture {without 

5 

5 

5 

5 

5 

K I) 






Dried yeast 

5 

5 

5 

5 

5 

Distilled water 



ad libitum 
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Diet 

I 

II 

III 

IV 

V 

Casein 

0 

20 

40 

60 

80 

White flour 

1 80 

60 

40 

20 

0 

Hydrogenated \ egetable 
oil 

S 

s 

1 

8 

S 

8 

Radiostoleum solution 

2 

1 2 

2 

2 

2 

Salt-mixture {without 

K I) 

5 

1 5 

1 

5 

5 

5 

Dried yeast 

Distilled water 

5 

! ® 

6 

ad libitum 

5 

5 


ith evpennient (23-11-29 to 20-3-30) 


Diet 

1 

I 

n 

III 

i 

rv 

V 

Casein 

0 

20 

40 

60 

SO 

White flour 

80 

60 

40 

20 

0 

Olive oil 

8 

S 

8 

8 

8 

Sesame oil 

2 

2 

2 

2 

2 

Salt-mixture {without 

K I) 

5 

5 

1 

5 

5 

5 

Dried yeast 

Distilled water 

5 

. 5 

i 

5 

ad libitum 

5 

5 


The experiments 

The experiments weie earned out in a locality (Coonooi) where goitre is 
not endemic Five groups of 6 young, albino lats, fiom non-goitrous stock, 
weie used m each expeiiment, the sexes being as fai as possible equally dis- 
tiibuted in all gioups and the aggiegate body-weight of eaeh group being the 
same Each gioup was made up of animals from different litters Throughout 
the ex^ieriments the most sciupulous attention was paid to cleanliness 

The fitst evpeninent, earned out dming the spring and summer of 1929, 
lasted 206 days when the smviving animals weie killed by drowmng Two 
animals (Nos 2374 and 2376) died during its couise, these excluded The 
lesults of the expeiiment aie set out in Table I, the weight-curves of the 
animals aie shown in Figs 1 to 5 
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Ejects of rftfili Piotinii Dirl.s on Thijioid Gland 


It will bo noted Unit the b i^al dioL without 1(1(10(1 piotcin admitted of 
good giow'th e^jictiallv in inalc^tM), th.it the bo'-t giouth w.i*' exhibited by 
males iceeiving 20 pei cent of animal inotein, .ind the next best by males 
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leceivmg none, the giowth of males receiving 40, 60 and 80 per cent being on 
a somewhat lovei level In all gioups the late of giowth of females (H ) 
was well below that of males and varied very little m the different groups 



FiS 2— Showing the weight-curves of 3 male (hi) and 3 female (F) rats fed on the diet 
containing 20 per cent of ammal protein Average weight-curves shown as mterrupted lines 
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Fjfjcds t)l IIkiIi Piiihiii Du'ls on Tlnjioid Clhnid 


So fai tliou i-' tlu' niowlh ot tlu lat-' in llu* ^i‘\C‘ial f'loup'' \sab conocined, it 
(lid not \ai\ ii;ic‘atl\ as to la* leflectcal m I lie uti'^hts of the tliMOicl glands 

\n exaniniation of Table I shows that in all o gioups the weights of the tli^ioid 



Fig 3 — Show'ing the weight-cuives of 4 male (M ) and 2 female (F ) rats fed 
containing 40 pei cent of animal piotein Aveiage weight-ciuves shown as inteiiup 
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^^e^e imambh than the noiinal =tandaids, theie was, nowe^el, no signi- 
ficant difloience in the aaeiage ‘^izc of the gland in the five gioiips Gi owing 
lats kept undei lugienic condition*? did not, theicfoie, dcielop tlnioid enlarge- 

DAYS UMDBR EKPBRIlViBM'r j 

20 4Q 60 80 100 120 140 460 480 200 

280 . 

- asD 


L_. 2^ 



Fig 4— Showing the weight-cuues of 3 male (M) and 2 female (F ) rats fed on the diet 
coni lining CO per cent ol animd piotein \^e^age ii eight-curves shown as interrupted lines 
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ment, \\ithin a pciiod of 20G dav'-, when led on high piotcm diets containin 
lelativclv Luge amount'' of iodine .ind a ^iifTnientN of fat-soluble vitamins 
The uiinaiy exciction of iodine l)\ the i.it" in this expciiment langecl fiom 
125,000 to 291,700 y pei htie 



Fig 5 — Showing the weight-curves of 3 male (M ) and 2 female (F ) lats fed on 
contaimng 80 per cent of animal protein Aveiage weight-cuives shown as interrup e 
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The second expetiment \\as earned out duiing the late summei and eaily 
autumn of 1929 Its lesults are set out in Table II One animal (No 2590) died 
duimg its coiuse, the lest weie killed by di owning This experiment differed 
little fiom the fiist except that it was of a shortei duiation (103 days), the 
animals used weie a little oldei, and no potassium iodide was added to the 
salt-mixture contained m their diets 

Ten of the mts — (two in eich gioup <;ho\vn m bold type in Table II) were kept in 
metabolism cages during the last 68 days of the experiment w'hen eeitain aspects of their 
metabolism were studied For the first 43 di\s of their stav m these cages they received the 
same diets as the other animals of then groups, but during the last 25 days their diets, instead 
of containing 2 parts of cod-liver oil, contained 2 parts of sesame oil in which 2/5th of a drop 
of radiostoleum was dissohed The object of this change was to observe its effects on the 
urinary excretion of iodine It is lemarkable that 4 of these 10 rats had thyioids considerably 
larger than those of the remaining 19 The mean thyioid-w eight of the 10 rats receiving 
radiostoleum was 15 0 mg for a mean body-weight of 158 5 gs , while the mean thyroid- 
weight of the other 19 rats was 10'2 mg for a mean bodv -weight of 147 7 gs Disregarding 
the differences m body-weights the difference m thyroid-weights (amounting to 4 8 mg ) is 
large If, howev er, the actual thyroid-weights are compared with the weights appropriate to 
each given body-weight on the basis of the normal thyroid curvm for Coonoor stock rats 
(see Diagram, page 656) , the ten rats receiv mg radiostoleum show a mean excess of 1 59 mg , 
whereas the other 19 rats show a mean deficiency of 2:48 mg The commuted difference 
IS thus 407 mg which is, statistically speaking, sigmficant Yet I hesitate to conclude that 
the change from cod-hver oil to radiostoleum during the last 25 dajs of the experiment 
was responsible for the larger size of the thyroid gland in the animals receiving radiostoleum 
This point IS more fully dealt with bv Professoi Madhava m his statistical note 

Four of these rats (Nos 2591, 2592, 2570 and 2576) had thyioids which were sigmficantly 
larger than the normal standard, all 4 were fed on diets contaimng 40 or less pel cent of 
animal protein These goitres were not, therefore, related to a high content of ammal protein 
m the diet 

Excepting the above-mentioned 10 rats, whose tieatment was diffeient to 
that of the others, the lemainmg 19 had — as in the first experiment — ^thyioids 
which weie smaller than the noimal standaid The diffeient treatment which 
these 10 lats leceived dtiiing the last 25 days of the expeiiment does not affect 
the geneial lesult since equal numbeis in each gioup tveie tieated in a piecisely 
simihi vvtv This lesult may be stated as follows Gi owing lats kept under 
hygienic conditions of life and fed during a peiiod of 103 days on diets 
containing a high piopoition of animal piotem, a model ate amount of iodine 
and a sufficiency of fat-soluble vitamins, had thyioids yyhich weie no laigei 
than those of lats whose diets contained little oi no animal piotein 

The yyeight-cuiyes of the animals aie shoyyn in Figs 6 to 10 It will be 
noted fiom these figuies that the ba«al diet without added piotein admitted of 
good giowth, that the ayeiage late of growth of males yvas appioximately the 
same in those leceiving no animal piotem, those leceiving 20 and those iecemn<- 
40 nci cent The late of giowth of males leceiying 60 pei cent was on a some^ 
what lowei ley el, while that of males receiying 80 pei cent was consideuablv 
lower Females giow best when the protein-content of the diet was low ' ' 

j, yiR 
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Table II 

Giving details and i esults of the second expenment in which the diets wei e rich 
in vitamin -4 and model ately nch in iodine 


632 


El}c(h o) 11 Kill Piofrui Dieth on 'L'hijioid Gland. 
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634 Eljocts 0 ] UkiIi Pintrni Diets on Thytoid Gland 

The iiiinaiv c\iietion ot lodiiu* 1)\ tlic Kit-< in tliH cxpeiiment langed 
bet\^een loO and 110 y pei Iitic when they weie ieceivin|g cod-hvei oil, and 



Fig 6 — Showing the weight-cmwes of 3 male (M) and 3 female (F) lats fed on the diet 
containing no animal protein Aveiage weight shown bj’’ interrupted hpea 
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between 40 and 120 y per litie when they weie leceivmg radiostoleum (Table 
VI) 



Pig 7 -Showing the weight-curves of 3 male (M) and 3 female (F) rats ted on the diet 
containing 20 per cent animal protem A%erage weight shown by mtemipted lines 
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uj^ Ilujli Pi of rill Diels on Thyioid Gland 


The thud evpci uncut wji-’ t.uuccl out dunu'' the wmtei of 1929-30 It 
dificied fiom the fust two in th.it \itanuni A and D weic piovided .as radios- 
tolenin, .ind fats .ib hydiogenatcd vegetable oil The amount of ladiostoleum 
consumed b> each animal daily was appio\imately 0 01 of a diop an amount 



Fig 8 — Snowing the weight-curves of 2 male (M ) and 4 female (F ) rats fed 
containing 40 per cent ammal piotein Average weight shown by mterrup e 
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which, judging by the diseases horn which the animals suffeied, was altogether 
insufficient foi the needs of gi owing animals oi to protect them against mfec- 
tion The diets m tins e\periment weie low in iodine lelative to those used in 



Fig 9— Showing the weight-cun es of 3 male (M ) and 4 female (F) rata fed on the diet 
contammg 60 per cent animal protem A\erage weight-curves shown by mtemipted hues 
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Eljt’ctb oj II Kill Plot rill Du'lh un Tlujioid Gland 


the hi-st two f\peiiiiient& Tlie uiinai\ e\tietion of iodine iiuigcd between 
49 and 62 y pei litie, tlie tUeiage being o8 y The e\pcinnent lasted 94 clajs, 
Old} tliiee oi the 30 aniniiils suiMMiig loi that lengtli of tune The lesults arc 
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Fig 10 — Showm^he weight-cuives of 3 male (M ) and 3 female (F) rats fed 
containing 80 pei \ent animal piotein Aveiage iveight-cuives shoivn by interiup e 




R McCai ) ison 


639 


set out in Table III It will be noted fiom this table that the giowtli of the 
lats in all five gioups was veiy pool and that diseases of the gastio-mtestmal, 
pulmonaiy and uiinaiy tiacts weie rife amongst them Table III piovides a 
staking demonstiation, when compaied with Tables I and II, of the effect of 
insufficiency of vitamin A in causing disease of the pulmonaiy, the uiinary and 
the gastro-intestinal tiacts 

In so fai as the effects of high-piotein diets on the thyioid gland were 
conceincd, the lesult of this expeiiment did not diffei fioni those of the pievious 
two It may be expiessed as follows — ^In the piesence of an insufficiency of 
fat-soluble vitamins in the food and of a i datively low intake of iodine, a 
high pioportion of animal piotein in the diet does not cause thyioid enlaigement 
within a peiiod of 94 days in young lats living undei hygienic conditions The 
liighei concentration of piotem had, howevei, the effects of causing the animals 
to die eailiei fiom diseases of bacteiial oiigin 

Emphasis is heie laid on the length of time the expeiiinent lasted, foi, as 
showm in anothei place (McCaiiison, 1930c), if the animals had siuvived longei 
some of them might have developed goitie not because of the high piotem but 
because of the deficiency in fat-soluble vitamins in then diets As it w'as thcie 
weie twm animals (Nos 2831 and 2837) whose thyioids weighed significantlj- 
inoic than the noimal standaid But neithei of these iveie fed on diets 
containing excessive amounts of piotem, one having leceived ‘0 pei cent’ and 
the othei ‘ 20 pei cent ’ piotem Such enlaigements of the thyioid gland as did 
occiu weie not, theiefore, associated with a high content of piotem in the 
vitamin-deficient diets 

The fouith expeninent was earned out duiing the wmtei of 1929-30 It 
diffeicd fiom the othei s m that no fat-soluble vitamin other than that contained 
in the casein, the olive oil and the sesame oil, was given to the animals The 
lesults are set out m Table IV 

It will be noted that the average period of smvival of the lats m this 
experiment w'as considerably longer than that of the animals in the third 
experiment m which a small amount of vitamin A was provided as ladiostoleum 
Eleven animals survived foi the full period of the experiment — 117 days So 
fai as growth, period of smvival and incidence of disease weie concerned, the 
diets containing 0 pei cent and 20 pei cent casein was the best, while those 
containing 60 and 80 pei cent were the worst It wall be noted that the period 
of survival of animals ingesting much piotem was considerably shorter than 
that of rats ingesting less This experiment, like the third, is a striking illus- 
tration of the effect of vitamin A-deficiency in rendering rats susceptible to 
bacterial infection of mucous surfaces The high incidence of cystitis, without 
accompanying stone-formation, is interesting, it wmuld seem to indicate that 
deficiency of vitamin A in association with a high content of animal protein 
m the diet is faaouiable to the production of this condition 

In this expeiiment, also, high-piotem pej se did not cause thyioid enlarge- 
ment 



Giving details and lesults of the thud erpenment in which the diets weie pooi 
m vitamin A and lelatively low m iodine 
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Jdljeitb, of llujli Piolcin Diets on Tiiyiuid Gland 
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Giving details and results of the fowth expe}iineiil in which the diets ucic i clotivchi lou lu 

vitamin A and in iodine 
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Efforts oj IIi()h Pioteni Dirts on TJuiioid CAand, 


The luinaij excietion ol iodine bs the lat-' in thi‘' expciiment langed 
beh\cen 70 and 90 y pei htie, tiie u\eiage being 77 0 y 

Discussion of results. 

Foi puiposcs of inteipieting the ie''uH-> of these expeiiments, the five diets 
aic divided into U\o ealegoiies high piotein diet",’ containing 40 oi more per 
cent of animal piotein, and low piotein diets,’ containing 20 or less per cent 
of piotein The^e aie fiiithei "ub-di\ided into ‘coinplcte’ and 'incomplete' 
diets ‘complete,’ when the\ coiitumed a "nlUcicncv ol fat-soluble vitamms 
and iodine, ‘ inconiplete,' when the\ contained an insufficiency of fat-soluble 
Mtainin^ and iclatueh little iodine Viianged accoiding to the«e categories 
the weight^j of the tlnioid" ha\e been plotted out (Figs 11, 12 and 13) against the 



Fig 11 — Showing that the weights ol thyroids of lats fed on complete, high-piotein diets 
with few exceptions, below the not mat standard 

cuive, piepaied by Piofessoi Madhava, foi the noimal thyroids of ' 

Coonooi stock lats In prepaiing Figs 11 and 12, the ten lats ave ^ 
excluded in wdiose diet cod-liver oil was leplaced, during the last 25 ays 
the second expenment, by a small and insufficient amount of radiostoeum 


Thyroid welpht In milligrams 
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An examination of Figs 11 and 12 shows that the thyroid glands of rats 
fed on the so-called ‘ complete ’ diets were smallei than normal, with few 
exceptions the glands in both the high and low protein categories fell below 
the normal standard of weight It is notable also that the weightier the animals 
(i e , the longei they subsisted on the experimental diets) the furthei did the 
weights of then thyroids fall below the noimal standard Theie was, however, 
no appieciable difierence m the v eights of the thyroids m the two categories 
High protein pei se did not cause enlaigement of the thyroid gland, nor was 
the diminution m size of the thyioid the result of high piotein ingestion, smce 
it occmred equally in rats fed on high and on low piotem diets The com- 
position of the ‘ complete ’ diets was such as to cause the thyroid gland to be 



smallei than normal, and to this effect the protein-content of the diets did not 
appreciably contribute 

An examination of Fig 13, which relates to the thyroids of rats fed on 
‘ incomplete ’ high and low protein diets, also reveals that high protein per se 


Thyroid wei illigrams 
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Eijrcf.s of IIujli Piofrni Dirl.s on Thijionl Gland 


did not caU''C tlivioid cnlaif^imoid , on the lonti.tn, the thjioid'i of lats fed 
on the ‘ ineoniiilete ’ low piotein ilict-- weit hiif'ci, on the a\eiage, than those 
ol Kitb led on the ‘ ineoinplete ’ lii"h-piotein diet-' Aniong-'t tlic foiinei there 
weie loin that weie deliniteh goiliou^, wlnle S out ot a total ol 23 weie above 
the noiinal sstandaid ol weight 

As between complete’ (Fig^ 11 and 12) and ‘ineoinplete' (Fig 13) diets 
whcthei then content ol aninnl piotein wa> high oi low, theie is a distinct 
dineience in geneial the iIimokF oi lat-' fed on incomplete diets tended 
to be laigei than tho^e ol lat-' ted on complete diets, while there 
w’as a definite tendeniw to goitic-foimation in lata fed on incomplete diets 
containing iclativeh little animal piotein It would appeal, theiefoie, that 
insufficiencv of lat-solublc Mtamm-' in a-'-'Ociation with a low content of animal 
piotein (oi a high content ol taiholudiaie) m the diet i" definitely favoinable 
to goitie-foimation 
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Figs 11, 12 and 13 xiould equally well apply to the thyroids of rats whose 
diets weie iich (Figs 11 and 12) and lelatively pooi (Fig 13) in iodine, since 
the constitution of the expeiimental diets was such that those rich m fat-soluble 
vitamins veie also iich in iodine, while those pool in fat-soluble vitamins were 
also lelativelj pool in iodine It might, therefore, be objected, by those who 
legal d lodine-deficiency as the essential cause of goitie, that the tendency to 
goitie-pioduction, noted in Fig 13, was an lodme-deficiency effect This ivas 
not so, foi the tendencv to thyroid enlaigement was definitely gieater in lats 
fed on incomplete, low piotem diets than m those fed on incomplete, high 
protein diets, although the lodine-ingestion wms the same in both, furthei, the 
aieiage uiinan excietion of iodine by lats fed on incomplete, high and low^ 
piotem diets was 58 y pei litre m the thud expeiiment and 11 y per litie m 
the fouith These figuies fall within the noimal lange of lodine-excietion (56 
to 85 y pel litre) b-^ well-fed, non-goitioiis stock rats Insufficient absorption 
of iodine wa=; not, theiefoie, the essential cause of the tendency to thyioid 
enlaigement, wdiicli was noted m lats fed on ‘incomplete’ low protein diets 
The experimental data w oiild appeal to admit of a furthei conclusion, viz , 
in addition to the negati><e facto) of deficiency of fat-soluble vitamins and 
suitable piotem, an itnknovn positive facto) was concerned in inducing the 
tendency to thvroid-enlargement noted m certain individuals It has been 
seen that the geneial effect of the experimental diets was to cause the thyroid 
gland to be s))ialle) than no)))ial, what this effect was due to it is not possible 
to sa's A less common effect w'as thyroid-enlargement, and this effect was 
1 elated to deficiency of fat-soluble vitamins especially in the low piotem diets 
But it was not exhibited by all rats fed on incomplete low protein diets It is 
necessaiy, theiefoie, to postulate the existence, in certain animals, of some 
goitiogemc agency which tended to counteiact the general effect of the expeii- 
mental diets, and wdiose opeiation was favouied by the deficiency of fat-soluble 
vitamin^; and suitable piotem This agency could not have been anothei 
negative dietetic factor, since theie w'as no substance, othe. than those already 
discussed (piotem, carbohxdiate, fat-soluble vitamins and iodine), lacking m 
the incomplete low protein diets wdiicli was not also lacking m the other diets 
Accoidingly, the unknowm agency must have been a positive factor of some 
kind 01 anothei The onlj^’ positive, and non-dietetic, goitrogenic agencies so 
fai known aie insanitai> conditions of life and ‘ infection ’ It was not the first 
of these, since meticulous cleanliness wms observed throughout the whole course 
of the expeiiments, it mav ha\e been the second or some wholly unsuspected 
agenc^ In the piesent state of knowledge the important matter is to recognize 
its existence, foi this lecognition will surely lead to the discovery of its nature 
jNIore specific mention of this mattei is made by Professor Madhava m his 
statistical note 


* Since thi^ piper ivis ^^Tllten Webster ind his co-ivorkers have shown that cabbane 
contains a goitiogemc agent 
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Fjl}i’(ts of IIk/Ii Piofi'tH Diris on Tlnpoid (Hand 


It ‘'Ccm-' tiioiofoio, to «hin\ tiio lollnwing conclusions fioni the 

data pioMdtd In thc-'C mpeiuncnt-j — 

(a) The "cncial elk‘(t ol the evptiimental diets was to cau-e the thyioid 

to be sinallei than noinial, a common effect ^^as thyroid 

enlaigement 

(b) Neithei of tlie-'C eftocts ua-- the iC'-ult of Ingh-piotem pei se 

(c) The tendencN to tlnioul enlaigemeni was definitclv related to 

dcfieicntn ot tat— -oluble \itamins m diets containing 20 oi less 
poi cent of animal piotein It was not i elated to insulScient 
absoiption of iodine 

(d) 'While the tendenc\ to tluioid enlaigement was defimtelv lelated to 

negative dietetic factoid, it ''Cems piobable that an unknown 
positive igent was abo conceined in causing it 

(e) This Inpothetical positne agent was not iiisanitai} conditions of life, 

since meticulous cleanliness was maintained tluoughout the wdiole 
com so ot the cxpciiincnts, it maj have been mtection’ 

PiOMOus expeiimentil woik (jSItCaiiison, 1929, 19306, 1930c and 1930d) 
has led to conciliations tsmiilai to the last thice ol these and I now feel justified 
in aSummg that in the genesis of at least one tjpo of thyioid enlaigement two 
factois aie conceined fa) the negatno one ot vitaniin-deficienc} , and (6) nii 
unknowm positive agenci , possibl} ‘ infection ’ 

The lesults of a histological kudy* of these thyioids will foim the subject 
of another paper 

Urinary excretion of iodine by lats fed on High protein diets. 

The chemical investigation^? undei this heading weie earned out by my 
assistants — Lieut -Col C Newcomb and Di G Sankaian — to w'hom I am 
indebted foi the tollowing paiticulais — 

Fust expenment — In this expciiment the intake of iodine wms high 
potassium iodide having been added to the salt-mi\tiue In each of the five 
gioups (0, 20, 40, 60 and 80 pci cent piotein) the mine of two lats wms collected 
foi 16 horns at a time, the animals being fed in diffeient cages duiing the 
lemaining 8 houis This pioceduie was adopted m oidei to pi event contamina- 
tion of the uiinc by pai tides of lodine-iich food finding then wmy into it The 
following aie the lesuIts — 


Pei cent of animal 

1 

0 

20 

40 

60 

SO 

piotein in diet 
Number of estimations 

4 

3 

3 

3 

2 

of iiimaiy iodine 
Mean body-weight of 

139 

163 

161 

153 

145 

rats in grammes 
Average volume of 

162 

19 

2-4 

3*68 

5 85 

urine per lat in 16 
hours (c c ) 

Average total iodine in 

366 6 

522:6 

700*0 

705 4 

7312 

16 horns mine (y ) 




— 

____ 


These lesults are shown giaphically in Fig 14 
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t 

It will 1)0 notoil that tho \olunu* ot mmo pii-'od in 10 liouis io«e ‘'teadilj 
with iiRioa-uo^ amount'^ ul piotuii in tho dut Tlu total ainount of lodmc 
CMietcd in the iiiiiio duiint^ the It) hoiii-' .il-u lO'O a-^ tho niiount of piotein 
in tho (hot iiKioi'-td 'I'lii-' nun no in lodino-ivt lotiun tan ^taltelJ be attri- 
buted to lilt iodino-(ont( nt ol tin piottin, snuo liin uu" intonsideiable in 
coinpamon with tlu unonnt tout lined in tho ■-.ilt-iiii\tiiii It '-iiggcsts rather 
that tho high tontont ot piottin in tlu diet, 1)\ nuiiming the \olume of mine 
c\oietcd, 0 lined a giontei ixtieiion ol lodnu 

Second exponnent — In thn txpeiimont 10 i it- — two lioin each group— 
woie kept in iiutabolnin lago foi tho 1 i-t ()S ilix- Dining the fiist 43 days 
of thn 1 ) 0110(1 ihe\ loionod tho oxpoinnoniil diet- tontain'ng cod-livei oil, 
dining the kni ‘2o di\- tho iod-U\ct ml wa- omitted and icplaced b\ the same 
amount of -e-aino oil tontanniig i •idio-toloinii (1 diop [loi 5 t c of oil) The 
amount of iood oaten 1)\ each i it and the amount ot uiine passed dailv w'Cie 
mea-incd and the unonnt ol iodine ixtieted in tlu, mine wa- estimated The 
amount of iodine excieted 1)\ the-e i u- wa- nnuiruicnt foi an estimation in 
the mine of Ciioh lat ea( h da\ , uioidingK, the iiiine ol each animal wxas 
collected -epai itol\ until -utncient had aceuimilated In thn wxiv six estima- 
tion« foi each i it wa- made o\ei the l>8 da\- ITic ic-ults of the=c obseiva- 
tion^' aie '=!ct out in Table A' 
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Shouxnq the avaage anioxmt of food eaten and avexige amoimt of wuxe passed 
dady on diets (ontaininq raiions amounts of casein 



Cou-i ivi n on 


R VDIOSTOII UM 


Per cent 
casern 

Mean 

Food 

Fi me 

Pci lod 

Me in 

Food 

Urine 

Period 


body- 

e iton 

p is=ed 


body- 

eaten 

passed 



weight 

Ss 

c c 


a eight 

gs 

cc 



0 1 

129 

14 2 

54 

13 days 

168 

15 0 

74 

25 da} 3 

" 1 

CO 

12 3 

2*2 

Jf 

13S 

12 9 

2*2 

it 

1 

170 

13 6 

90 


206 

14 1 

10 6 

a 

20 1 

118 

11 1 

SO 

fl 

127 

12 1 

8*6 


f 

148 

12 5 

78 


184 

13*4 

91 

1 

40 I 

126 

11 2 

8*0 

” 

138 

116 

8-9 

j 

r 

148 

12 8 

115 


176 

12 4 

131 

V 

60 j 

133 

119 

10*3 


146 

115 

95 


00 

o 

101 

12-3 

12*1 

» 

119 

12 7 

15 5 

n 

111 

12 4 

10 6 

if 

120 

118 

no 

)> 
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The ^olumes of mine, calculated pei 100 giammes of body-weight, are shown 
m Fig 15 



Fig 15 — Showing the volume of urine, per 100 grammes of body-weight, passed by rats 
receiving different amounts of protem, when fat-soluble vitamins were provided as cod-liver 

od and as radiostoleum 

It Will be noted that while the change from cod-hver oil to radiostoleum 
had no effect on the volume of mine evcieted, theie was a definite use m that 
volume w'lth incieising amounts of casein m the diet 

The lats whose diets contained 40 to 80 pei cent of casern all had marked 
albuniinuiia 
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Table VI 


Showing the amount of iodine {m gamma) exmeted in the unne 


Per cent 
casein 

1 CoD-LWEH on. 

Means 

Radiostoleum 

Means 

y pel cc 
of urine 

i 

y per rat 
pel day 

y per c c 
of mine 

y per rat 
per day 

( 

0 31 

1 


1 

0-05 

1 

0-37 


0 

1 

167 j 

132 



0-31 

1 

! 044 

o-ge j 


012 

0 26 

1 


c 

0-15 

135 


0 04 

042 


20 



128 


1 

047 

1 

0-15 

120 


0 06 

051 


1 

0-21 

! 1 64 


0 06 

0-54 


40 i 



175 



0-54 

[ 

023 

1 85 


006 

0 53 


( 

0‘22 

2 53 


006 

' 0-78 


60 



2-51 



0-67 

1 

024 

2-49 


0 06 

^ 0-67 


f 

0*22 

2‘67 


0 06 

o-ss 

1 

80 1 



1 2-40 



0-85 

1 

1 

1 0-20 

T13 

1 

1 

0-07 

1 

0-77 



It- will bo noticGcl that thcrG was a dailcGd diop in tlic ui'inaiy lodiiiG on 
changing fiom cod-liver oil to radiostoleum solution, due, probably, to the 
lower lodme-content of the lattei The total amount of iodine (Fig 16) 
excreted by these lats lose steadily as the amount of casein m the diet increased, 
and as the volume of unne excieted increased (Fig 15) This effect was observed 
both when the animals weie receiving cod-hver oil and when they weie leeeivmg 
ladiostoleum At first sight it might seem that the casern contained more iodine 
than the othei constituents of the diet and that with the inci easing piopoition 
of casein in the diet theie nas a coiiesponding increase in the amount of 
iodine ingested, and so in the amount excieted m the unne It is doubtful 
howevei, whethei this is the coiiect explanation, foi if it weie, the use m the 
total iodine excretion, from 0 to 80 pei cent casein, should have been the same 
-though at a diffeient level-when the animals were receiving cod-livei oil as 
when they were receiving ladiostoleum An examination of the levels in Fig 16 
shovs that this IS not >- 0 , even allowmg for the admitted appioximateness of 
tie lodine-estimaoioDs A more probable explanation seems to be that the 
casein stimulated mdmc-excietion, this stimulation being more marked the 

'feS I I h'™! that tins sfamulatiL 

is ellected bv the (a^un nmi easing the lolume of mme 



Gj4 >Slalisliud Xolr on Ptofru, Uivts and Thtfioid Gland 

Summary and conclusions. 

1 A high cuneenti.itiun ul .imiuiil jnuttm in llie diet did not cause thyioid 
cidtUgciiicnt 111 1^1 ow inti tat*' luiuti uiuki condition'' ol pcilcct cleanliness 
Bnigot’^ obsouation (I917| i-' tlnn (oidiiincil 

2 1 111 " ic"ult w.i" oii"ci\ed liotlv in iniinid" uliO"C diet" wcic iicli in fat- 
soluble Mtaniiii" uid in tliO"L‘ \\liO"e diet" utu pool in tlii?c fattois 

3 It w.V" ub"ei\cd .d "0 in i.it" uho't dut-i ucie iicli in iodine and whose 
uiinai\ e\cictioii ut lodiiii wa" \ti\ liigb .i" well ii" in tlioao wiiosc dicta weie 
lelatneh pool in lodiiK and who'C ininau c\tiction ot iodine waa lelatively 
lou 

4 Ihc geneial ctUit oi the exptunicntal diet" wiia to caiiac the tliyioid 
gland to be "iiinllei than noinud tiu amount of animal piotein, of iodine and 
of fat-aolubk* Mtamiii" in the diet" did not niatciuiIK contiibiite to this lesult 

5 A Ic"" toninion elicit ot the e\pei inient d ilieta w.ia to cause thyioid 
cnlaigeinent Flii" ctlect \\a" definiteij lehited to delieiency of fat-soluble 
Mtamina espccialK in diet" haeing a low content of innnal piotem It was 
not iclatcd to an iU"uflieicnt absoiplion of iodine 

6 AMiile dcfieienc\ ol l4it-"oluble Mtanmia waa the mam dietetic factor 
concerned m cau"ing th\und cnlaigeinent — and without which such enlaige- 
ment did not occui — it wa" not the onh t.ictoi tonteincd The existence of an 
unknown poi>itive goitiogcnie ageiu\ i" jioatulated, in addition to the known 
negative one of Mtanun-defi(ienc\ Tliia po"itive ageiuw was not insanitation, 
it may have been ‘ infection ’ 

7 High piotem diet" luul a maikeel elleet m incieiaing tiic volume of 
mine excieted They gaic ii"e to albuiiimuua e\cn in animala w'hose diets 
contained a sufficience of fat-aolublo Mtanun^ 

8 High piotem diet" aiipcaied to "timulate the cxoietion of iodine in the 
mine, and this stimulation ''ccnied to be ollcetcd bv the piotem inci easing the 
volume of mine 

9 The ingG'^tion of huge amounts of animal piotem, m association with 
an insufficiency of \itamin A, wa^' Aciy^ pi one to cause disease of the uiinaiy, 
the lespiiatoiy and the gastio-mte"tmal tiacts 


STATISTICAL NOTE 

BY 

K B MADHAVA 

Having, thiough the kindness of Colonel McCaiiison, had the piivilege of 
access to the statistical mateiial contained in this papei, an attempt is made 
heie fiist, to constiuct thyioid ouives giving standard Aveights of thyioids foi 
given body- weights of Coonooi albino lats undei three conditions of diet 
normal, stock diet, Miigh ’ piotem diet, and ‘ loiv ’ protein diet, secondly, to 
examine the differing effects, if any, of ‘high’ and ‘ Ioav t protein constituent 
on the thyi oid-Aveight under the varying conditions of vitamin and iodine- 
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supply associated with the diets designated ‘ complete ’ and ‘ incomplete ’ in the 
texd of the papei, and, incidentally, to deteimine the eftect of the ladiostoleuin 
mtioduced m some cases in expeiiment II 

Foi the puipose of constiucting the standaid thyioid cuives, thiee sets of 
data exhibiting the obseived thyioid-n eights m mg m lelation to body- 
weights coiiespondmg to noimal thyioids (N = 107), as well as to those on 
high and low piotein diets (N = 66 and 46, lespectively) , w^ie available Fiom 
1 piehmmaiy siiivej of the scattei diagianis of each of these, it was obvious 
that the lelationship was non-lmeai, and that the equation of legiession that 
•'hould be deiived foi foiensic pui poses must involve a logaiithmic teim, if the 
iclitne lapid giowth of the thyioid-w'eights at the lightei body-w^eights had to 
be translated into anahtical foim Neveitheless, in each case, a stiaight line, 
a second oidei paiabohc cuive, and a logaiithmic cuive weie successively 
fitted, and fiom the following standaid eiiois of these estimates confiimatoiy 
eMdence is obtained in suppoit of the ultimate choice of the logarithmic 
cuives — 



Noimal ’ thyroid 

‘ High ’ protein 

‘Low’ piotein 

Stiaight line 

087 

159 

146 

Paiabola 

0 95 ' 

185 

1 

0 77 

Logaiithmic curve | 

0-84 1 

0 65 

0-94 


It IS satisfying to note also that the equation of lelationship foi a similar 
purpose deiived by Di Hatai in the Wistai investigations, and quoted in 
Di Donaldson’s ‘ The Rat,’ page 218, formula 39, is of the same foim The 
significance of this standaid eiioi of estimate is, taking the case of the ‘ normal ’ 
thyroid cuive as an illustiation, that gnen a noimal distiibution of errors, the 
actual value, if it difteis at all fiom the estimated value, will, in nearly every 
case, differ with 3 times 0 84 oi 2 52 mg , oi in 68 cases out of 100, differ 
with 0 84 mg onty, and so on These zones of estimates show the reliability 
of the estimates themsehes, and the limits within which the actual values are 
likely to fall 

Inasmuch as the functional foim of lelationship between the body- weight 
and the thj i oid-weight m each of the tlnee cases undei observation is non- 
hneai, it is necessaiy to calculate the index of coiielation, p , of a significance 
pieciselj similai to the usual coefBcient of coiielation, j, (wdien the regression 
IS hneai) This is an abstiact measure indicating the degree of relationship 
betw^een the two ^allables increasing in \alue up to 1, as the vaiiabihty of the 
estimates r mateiialh i educed when the equation of legiession is used as a 
basis foi foiecasting puiposes The values of p are 0 980, 0 975 and 0 934 
lespcctneh foi ‘noimal’ thjioids, ‘high’ piotein thyroids and ‘low’ protein 
thjioids, and these high measmes affoid another ciiteiion in regard to the 
appiopi lateness ot fitting these obserrations witli -^logarithmic cmves 
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Finally the cquutioii'j dctei mined by the method of lea&t bquaics aie as 
follows — 


'Noimal' tliMoid cune (thyioid-weiylit m mg) = 

0609 tbod\ -weight — 20) -j- 2 1210 log (Bd ^\t — 20) — 0 1153 
‘High’ piotcni diet (thyioid-w eight in mg.) = 


1 1320 4- 0 0017 


'Bd ut — 20' 


10 1780 


log ( 


Bd wt 
30" 


‘Low’ piotem diet (thj loid-w eight m imlhgiamb) = 

5 7614 - 0 1631 log( ^'^ 'to~ ~ ) 


Fiom these the following btandaid table (Table A) is consti acted giving 
the weight of the tliMOid (m mg) coiicspondmg to given body-weights m 
each of the thiee cases, and the same ha\e been giaphcd together in diagiam 
belo^\ — 


D ia.9roLni 



Bods' -weight In grammes 
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Table A 

Giving standaid weights of thyioids foi given body-weights {Coonoor albino 

rats) 


Body-weight 
m gs 

Thyhoid-’weight in mg 

‘ Normal ’ 

'High’ protem 
diets 

‘Low’ protem 
diets 

30 

29 


i 

40 

4-3 



50 

53 

413 

5 30 

60 

62 



70 

70 



SO 

7S 

7 20 

S-35 

90 

8r6 

1 1 


100 

9-4 



110 

lOrl 

&99 * 

9r94 

120 

IQ'S 



130 

115 



140 

12*2 

10-27 

10-93 

130 

12-9 



160 

13-6 



170 

14 3 

11-25 

1160 

ISO 

15 0 


1 

190 

15 6 



200 

16-3 

12-06 

12-06 

210 

17 0 


1 

220 

j 



230 


12-75 

12-28 

240 




250 




260 


13-34 

12 49 

270 




2S0 




290 



12-62 
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Ifc 16 seen (1) tli.it the ■'t.uKl.iid Coonooi evpeiience of tlijioid-\\ eight m 
iclation to bocK -^\ eigiit iollows in all t.i'e" the log.iiithnne iinve, meaning 
tlieieby tli.it theie is lel.itneh inoie i.ipid giouth ut th} loid-w eight at the 
hghtei bod> -weights than at he.uiei boiH -weight-., 

(2) th.it .Is between tlie difleiing i.t-e-., the ‘noini.il’ thjioid is the most 
-.teei) cin\e, .ind the low ’ piotein diet (in\t the most e\en, the ‘high’ piotcm 
diet Cline t.iking the inteimedi.ite po-ition, 

( 3 ) th.it theic aie dilleience- between each two ol the-c thiee c.nc-, tho-e 
between ‘1101111.1!’ .iiid ‘high’ piotein diet-, being the most con-incnous, and 

(4) that in diets with ‘low ’ piotein the tliMoid weights aie highei than 
iindei both ‘noiin.d’ ind ‘high’ piotein diet- up to .1 ceit.iin bod\-weight 
taboiit 100 gs ) , but highoi than undci ‘high’ piotein diets oul\ toi body- 
weights attei th.it . 111(1 up to .ibout 200 g-. , and tli.it iiltimatel\ the tluioid- 
w eight is less th.in undei the othci two 

jMoieovei the standaid table toi noiin.d’ tliMoids is 11101 c .ipinopiiatc toi 
Use as .a basis foi eoinpaiing the .letiial tluioid-w eight in an\ ob^eived instance, 
than the compaiison of the th\ loid-w eight- in .ill obscnation- as so much pei 
100 gi amines of bodv-w eight 

With a view to e\amine the dificiing eftect-, if an\, of ‘high’ and ‘low’ 
piotein constituent on the tliMoid-weight undei caning conditions ol vitamin 
and lodmc-supph , the diets wcie duided into two Upes called ‘complete’ 
fe\peiiments I and II), and ‘ incomplete ’ (cxpeinnents III and IV), distinguish- 
ing in each case piotein composition of 0 .ind 20 pci cent .is ‘ low^,’ and of 40, 
60, and 80 pei cent as ‘ high ’ The statistical data .icailable m.ay be summaiized 
as follow's — 


Nituie of chef 

.'■)\ mbol 

Aumhci ol 

1 its 

hlf ill \ line ol the 
dilleicncc in obscncci 
tlivioiil-u eights fiom the 
1101 mil weight 

1 ‘ Complete ’ ‘ low ’ 

(AB) 

20 

— 4 265 mg 

2 ‘ Complete ’ ‘ high ’ 

(Ad) 

27 

—3 407 „ 

3 ‘ Incomplete ’ ‘ low ’ 

(aB) 

1 

23 

— 0 357 „ 

4 ‘ Incomplete ’ ‘ high ’ 

i^r^) 

33 

—0 7S5 „ 

5 ‘ Complete ’ 

(A) 

47 

—3 772 , 

6 ‘ Incomplete ’ 

(«) 

1 

56 

1 

—0 610 „ 


It IS pioposed to test whethei these samples, 01 ceitain pans among them, 
belong to the same population, 01 diffei significantly in then means Now^ 
since all these samples aie small, the necessaiy analysis has to be made by 
what is knowm as ‘ Student’s ’ method foi estimating the significance (P) of 



K B Maclhava 


659 


the clifTeience, fiom the nurabei of degiees of fieedoni available m the experi- 
ments, and (f), the latio of the obseived diffcience in means to the vaiiance 
of that diffeicnce I have empIo^ed tliiouglioiit this method (desciibed in 
R A Fishei’s ‘Statistical i\Iethods foi Reseaieh Woikeis,’ Chaptei V) and tlie 
lesiilts in tins case aie as follows — 


Samples compared 

Degrees of 
freedom 

Difference 1 
in means 1 

Value of : 
t 

1 Older of P 

Conclusion 

— 1 

I (AB)and(An)' 

45 

1 

0 895 

j 1 245 

1 0-2 

Mot significant 

II (aB)and(ad) 

54 

0 42S 

1 1049 

j 0-3 

Mot significant 

III (A) and (a) 

101 

3 162 

1 ; 

1 

1 I 

Outside the Significant 

range of 

Tables — ■ 
j Id‘;s than 0 01 


Hence (a) fiom I, ‘high piotein pei se did not cause enlaigeinent of the 
thvioid gland when the lats aie fed on complete diets’, 

(b) fioin II ‘ tin loid-n eights of lats fed on incomplete diets also leveal 
that high piotein pet se did not cause thvioid enlaigement 
(cl fiom III, ‘as between complete and incomplete diets nhethei then 
content of animal protein was high oi low, theie is a distinct 
difference,’ vith of coiiise as ma\ be seen from the results in (5) 
and (6), that ‘in general, the thyioids of lats fed on incomplete 
diets tended to be larger than those of rats fed on complete diets', 
(d) also comparing the results in (3) with those in (1), (2) and (4), it 
IS clear that ‘ there was a definite tendency to goitie-foimation in 
rats fed on incomplete diets nhich weie lelatnmly Ion in animal 
pi otem ’ 

Thus the conclusions of the papei, ai lived at on pages 647 and 648 and also 
stated in summary foim, Nos (!) to (5) (page 654) aie substantiated 

The gioup ( aB ) containing 23 lats fed on ‘ incomplete ’ diets with ‘ low ’ 
piotein, determined above as definitely favouring goitie-production, deserves 
closer examination There are 8 rats whose thyroid-weights aie in ezeess of 
the noimal standard weights to an extent of -f2 213 mg on the average, and 
15 nts whose thvwid-n eights fall shoit of the standard weights to an extent 
of —1 727 mg on the aveiage It is clear that ‘the general effect of the 
expel mental diets was to cause the thyroid gland to be smaller than noimal’ 
and in the ( aB ) group ne are non examining, the aveiage shortage of all the 
rats was —0 357, but the ‘ less common effect,’ such as that noticed in the 8 
cases above, ‘was to cause thyroid enlargement’ eaen in excess of the 
standard due to normal diet If now the difference between the two sub- 
sample^ discloses 'significance,' the mere dietetic factors alone considered heie 
do not fulh account foi this phenomenon, and the heterogeneity must be 
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a‘'Ciibed to some othci agonc\ not ovimmed lieic undoi contiol As it is, 
ll0^^cvel, the difleieiuc bet\\een the means is 3 910, the \aiiance 0 512, and 
hence t is 7 695, theic beim? 21 devices of ficcdom, the \aluc of P gets outside 
the lunge of tabulated \ allies, is small and dchmtch less than 0 01 The 
significance of the dificicnce being thus established, the need foi the postula- 
tion of 'an unknown goitiogcnic agencv ' aiisos and is made in the papoi 
The extent to which this agcncv eontiibutcd imu be detoi mined by postulating 
that the value of may be 0 01 (le, only one \aluc in i hundicd) may exceed 
the outside limits bv chance Witli this \ahie of P, and taking tlic same value 
of the vaiiance, viz , 0 512, it is. found that a lange fiom — 1 81 to -|-1 09 mg 
may be allowed foi the fluctuations m tiie influence of the liietetic, factoi Thus 
the excess among lats Nos 2840, 283b and 2838 f being icspcctneh Ob, 0 7, 
0 7) inav be ignoied, but in the case of lats Nos 2807, 2803 2831, 2811 and 
2837 theic aic additional diftcienccs icspectucK of 0 01, 1 01, 2 31, 3 39 
and 3 69 mg 

(It will be noted that the huge deficiencies m lats Nos 2839, 2802, 2810, 
2801, 2804 and 2808 although outside this lange aie not outside the othei 
dietetic limits dctci mined in this papei ) 

In the com sc of expeiimcnt II, an incidental attempt was made to seek 
the effect of the ladiostoleum, with the follow'ing lesults — 



Tieated with 
radiostoleum 

Othei s 

1 Together 

Number of rats 

10 

19 

29 

Mean value of the difference of 

-fl59 

—2*48 

i lOS 

the thyroid-weight 





Diffeience in the mean values between the two diets 4 07, vaiiance 0 803, 
t 5 071, degiees of fieedon 27, hence P is less than 0 01 Hence it appeals 
that the diffeience in the thyi oid-weights is significant Neveitheless, among 
the lats leceiving the dose of i adiostoleum, foui, viz , Nos 2570, 2576, 2591 and 
2592, contiibuted a dispiopoitionately laige shaie m this lesult Moieovei, 
as the S D IS 2 80, even the laigest excess amounting to -|-6 0 (occuiimg in 
No 2591) IS 2 13 times the S D — that means, that about 3 pei cent of noimally 
distiibuted values will have a deviation of the magnitude noticed heie In these 
cii cumstances, it is only safe to ‘hesitate to conclude that the change fiom 
cod-livei oil to radiostoleum dm mg the last 25 days of the expeiiment 
was lesponsible for the larger size of the thyioid gland m the animals leceiving 
ladiostoleum ’ 
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Introduction 

The dietetic suivey of various classes of women m Bombay (Wills and 
!Mehta, 1930a) including old cases of pernicious ansmia of pregnancy suggested 
that this disease was closely if not absolutely connected with a relative 
deficiency of vitamins A and C in the diet In this paper a series of experi- 
ments on rats are desciibed m which diets deficient m these vitamins led to 
the production of a severe anaemia and this anaemia is further shovm to be a 
true Bartonella anaemia The term ‘ Bartonella anaemia ’ is used for the anaemia 
of rats described by !Mayei (1921), Lauda (1925) and other workers and without 
prejudice to the exact nature of the small bodies seen in the red blood cells 
A re\uew of the literature showed that the general opinion, based largely on 
vork with synthetic diets, is that deficiency of vitamins A and C in the diet 
does not cause anaemia, but the -work of Koessler (1926) and McCamson (1927) 
indicates that deficiency of these ntamins has a causal relationship to a certain 
type of anaemia m rats Koessler produced an anaemia resembling true 
permcious anaemia bj feeding albino rats on a diet relatively poor m vitamin A 
iMcCarrison using diets deficient in mtamins A and C m a series of experiment® 
J, MB ( 663 ) 20 " 
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designed pinnaiilj to pioduce unnai} calculii‘5, lepoited the occunencc of cases 
of a seveie, and fi equently fatal, anceniia, which he desciibed as ‘pernicious oi 
peaily aniemia of lats ’ He most geneiously placed his lecoids at oin disposal, 
and use has been made of them in this papei 

The \voik, including McCaiiison’s cxpeiiments, w’as earned out at Coonooi, 
the stock albino lats of the Niitiitional Reseaicli Laboi atones being used 
thioughout This stock has been laised tluough man> geneiations at a high 
altitude (6,000 feet abo\e sea-level) and has become acclimatized to it The 
entile stock was found to be infested with the lat louse, the necessaiy lectoi 
foi Baitonella aneznna is, theiefoie, inesent Neveitheless this condition has 
nevei been obseived in the well-fed stock although duiing the past 8 yeais an 
aveiage daily stiength of 700 to 800 stock animals has been maintained 

As a pielimmaiy to the expenments to be desciibed in this paper a study 
of the blood w'as made in this stock wuth the object of aiiiving at noinial 
standaids An account of this pieliminaiy w'oik has been gnen m a pievious 
papei (Wills and Mehta, 19305) 

Experimental observations. 

These obseivations fall into tliiee categoiies — 

(n) The pioduction of Bcutonella ancemia bv diets deficient in vitamins 
A and C 

(5) The pioduction of Bmtonella ancetma by splenectomy 

(c) The inoculation of 5a?tone/fa-mfested blood into w'ell-fed and into 
deficiently-fed animals 

(a) Production of Bartonclia anumia in rxis fed on diets deficient in 

MTAMINS A AND C 

Undei this heading two senes of expeiiments have to be consideied those 
of McCanison’s lefeired to above, and oiii own expeiiments designed to pioduce 
anaemia by dietetic means 

Fi7st senes 

Tw^o tjpes of diets weie used, the fiist, diet I, consisting largely of oatmeal, 
and the second, diets II, III, IV and V, of atta (wdiole wheat floui) Table I 
show's the composition of the diets Diet lA was of the same composition as 
diet I but whole milk was added to it in the piopoition of thiee-quaiteis of 
an ounce pei rat pei day Diet II was the same as diet I, only the oatmeal 
was replaced by atta In diets III, IV, and V the piopoition of atta w'as 
highei and the foim m which the fat was given vaned 

The age of the lats at the commencement of the experiments vaned fioin 
40 to 70 days, rats of appi oximately the same age being used in each individual 
expenment Then w'eight vaned fiora 45 to 85 gs according to their age 
gioup 

All these diets, wuth the exception of lA which is a control diet, aie 
markedly deficient in vitamin A as testified to by the fact that the incideiicp 
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of pneumonia, stone in the bladdei, cystitis and othei infective conditions 
associated with an A deficiencj , was very high among the animals fed on these 
diets (McCarrison) No source of vitamin C nas included in these diets 
They aie judged to contain vitamin B in adequate quantity Vitamin D was 
provided by exposing the animals daily to the sun The diets are all poor in 
piotein, and this protein being of vegetable oiigm is of low biological value 
The lesults obseived in animals fed on diets IV and V show that the nature 
of the fat can be varied without alteiing the findings, so long as fats deficient 
in iitamin A are given The diets weie supplied to the animals ad libitum 
Tiiioughout these expeiinients the animals were kept in screened cages, so that 
then food and water supply was not contaminated bv then excreta 

The number of animals fed on the several diets used in this senes, and 
then sex, are shown in Table II togethei wuth the incidence of anamia amongst 
them One hundred and fort} lats w'ere fed on diets of w'hich the basis was 
oatmeal, amongst these tlieie weie 19 cases of ansemia, oi an incidence of 
13 5 per cent One bundled and thiiteen lats w'eie fed on diets of wdiich the 
basis was atta, amongst these the incidence of anaemia wns 12 4 per cent, 
piacticalh the same as that amongst animals fed on the oatmeal diets It is 
to be noted that no case of amemia occuired amongst 18 animals fed on the 
oatmeal diet to which whole milk was added The disease appears to have 
been completely prevented bj this addition It is to be regietted that both 
in this series and in the IMohammedan diet expeiiment to be leported later, 
there were not more direct controls The incidence of the disease was higher 


Table I 

Diets First senes 



Diets 

Per cent 

I 

II 

' in 

IV 

V 

Oatmeal 

53 





Atta 

1 

53 

78 

90 

90 

Linseed meal 

20 

20 

20 

1 

i 

Cornflour , 

25 

25 




Linseed oil 



1 1 

8 


GingeUi' oil 

1 


1 

1 

8 

Sodium chloride 

1 

1 

f 

1 1 

1 

1 

Calcium phosphate 

1 

1 

1 

1 

1 

1 

Totol 

too 

100 

j 100 

100 j 

100 
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in females, twice as many females as males dying of it Amongst the 30 females 
in the fiist oatmeal group 7 became piegnant of these 7 animals 5 died of 
anaemia 

In this senes othei mildei cases of anaemia no doubt occuired, but were 
not specially noted as the question of anaimia was not under consideiation and 
no blood counts weie made The tiue incidence of the disease was piobably, 
theiefoie, consideiably highei than that shown in Table II 

The diagnosis of 'Baitonella anaemia’ in this senes was made aftei we 
had examined blood slides taken fiom ceitain of these animals but not 
pieviously studied 

As the blood pictuie, the clinical i^ictuie, and the post-mortem findings 
aie the same in both senes a detailed descnption of these will be defen ed till 
aftei the second senes has been discussed 

Table II 


Incidence of Baitonella anceima in intact animals on oatmeal and atta diets 




! 

Number of ' 
ammals j 


! Femvles 

1 

Devths from 

VMEMLl 

Death-iate 
Per cent 


Diet 

Males 

Total 

Preg- 

nant 

Total 

Males 

1 

Females 

I 

Oatmeal 

1 1 

1 72 j 

30 

42 

7 

13 

2 

11 

is -0 


11 

50 ! 

1 

20 

1 

30 


3 

? 

? 

60 


1 

» 1 

1 

18 

1 ^ 

9 


3 

3 

0 

1 

16 6 

1 

Total 

140 

59 

81 

7 

19 

5 

1 

11 i 

1 

1 

13 5 

lA 

Oatmeal 
plus milk 

18 

1 

j 9 

1 

1 1 

9 

1 


0 

0 

0 

00 

II 

1 

Atta 

50 

20 

1 

30 


^ 3 

1 

1 

2 

60 

ni 

If 

21 

10 

11 


6 

3 

3 

2S'5 

IV 

ij 

21 

10 

11 


1 

1 


47 

V 

it 

21 i 

8 

13 


4 


4 

19-0 

Torm 

113 

1 

48 

63 



4 

9 

12 4 


Second senes 

In this senes of expenments 6 diets weie used Of these the fiist and 
second iveie natuial diets based on those in common use by women suffeiing 
fiom anaemia of piegnancj , the lemaming 4 weie synthetic diets The fiist 
resembled that eaten by Mohammedan women, it will be lefened to heieaftei 
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as ‘ the ^Mohammedan diet ’ The second lesembled that eaten by Hindu 
women , it will similarly be referred to as ‘ the Hindu diet ’ The four synthetic 
diets weie used for a dual purpose to determine whethei or not ansemia could 
be produced in lats means of synthetic diets deficient in certain vitamins, 
and to act as ‘contiols’ to ‘the Mohammedan’ and ‘the Hindu’ diets The 
composition of these two diets is given in Table III 

The aveiage age of the rats at the beginning of these experiments was 40 
dajs and then aveiage weight approximately 45 gs Equal numbeis of males 
and females weie used 

Table III 

Second senes Natwal diets 



Mohammedan 

diet 

Per cent 

Hindu diet 

Per cent 

Polished nee 

30 

50 

White bread 

40 


Atta 

10 

27 

Bajree 

1 

15 

Dhal 

1 

1 

3 

Ghee 

10 

1 


Gmgelly oil 


4 

Pumpkin (white) 

5 

1 

Meat 

5 


Salt 

Trace 

Trace 

Term 

100 

100 


(1) ‘The Mohammedan diet ’ — ^The lire, vegetable and meat were cooked 
together wnth a little salt m the mannei customary amongst hlohammedans 
The atta wms made into chapattis wnth part of the ghee All the ingredients 
weie then intimatelj mixed and fed to the animals m excess Watei was 
supplied ad libitum The ghee used in the preparation of tins diet was 
pui chased in the local market, lepeated coloui tests show'ed it to be devoid of 
vitamin A The iice and atta w'ere obtained in Bombay from the sources used 
by oui patients This diet was not only relatively deficient m mtamms A and 
C but was also low in vitamin B and had the relatively large amount of fat 
so characteiistic of the diets used by the poorer Mohammedans in Bombay 
(Mills and Mehta, 1930a) Its deficiencj in vitamin D w'as made good by 
exposuie of the ammals fed upon it to the sun 
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On this diet the animals giew veiy little, the aveiage gain was only 60 
giamnies in 87 clajs (horn 49 to 109 gs), sufteicd fioni loss of haii, especially 
on the shouldeis, and fioiii a high incidence of infective conditions (pneumonia, 
abscesses, septic eyes) ivhicli can be legaided as evidence that the diet ivas low^ 
in vitamins B and A 

(2) ‘ The Hindu diet ’ — ^The atta, bajiee (peail millet) and oil weie made 
into ehapattis, the lemaimng constituents of the diet w'eie boiled togethei 
Aftei cooking, the food was intimately ini\ed and gn en to the animals in excess 
Watei wms supplied ad libitum 

This diet IS a puiely vegetal lan one, ivell caloiied, and containing good 
giains which supply a better quantity of vitamin B But the absence of animal 
fats and the low'^ vegetable content make the supply of vitamins A and C 
lelatively low Its deficiency m vitamin D was met by exposuie of the animals 
fed upon it to the sun 

A contiol to this diet wms pioMded by inci easing its scanty supply of 
vitamins A and C by the addition of cod-livei oil (1 pei cent) and tomato- 
juice (2 c c ), ‘ the Hindu diet ’ so modified will be lefeiied to heieaftei as the 
‘ contiol Hindu diet ’ On both these Hindu diets the animals giew bettei than 
those on the Mohammedan diet (aveiage figuies useless as so many animals 
became piegnant), and did not loose then haii but the expeiimental gioup 
suffeied seveiely fiom infective conditions (3 pneumonia, 3 septic eyes, 4 septic 
tails) which indicates that the supply of vitamin B was faiilj’’ adequate, but 
that of vitamin A wms low 

(3) The synthetic diets — The composition of these is given in Table IV 
Of these diets. No 1 was deficient m botli vitamins A and C, No 2 was 
1 datively deficient m vitamin A, No 3 only m vitamin C, wdnle No 4 was 
complete The animals were exposed to sunlight daily 

The expel iment w^as stopped at the 11th week 

The lats on the complete synthetic diet giew and lemamed peifectly w’^ell 
thioughout the expei iment, and many of the females weie piegnant at its 
conclusion How^evei the fact that the late of giowth fell from 11 gs pei w^eek 
dm mg the fiist month to 8 5 at the 11th week suggests that though the vitamin 
B-contept of the diet was adequate it was not maximal On diet No 1 
(deficient m both Autamms A and C) the late of giOAVth wms less fiom the 
beginning and fell lapidly aftei the thud week to diop at death to levels Avell 
below the maximum values On the othei two diets the lats grew noimally 
foi the fiist thiee weeks and aftei that in both cases the late of gioivth flattened 
but more maikedly m those lats on a i datively A pooi diet Table V shows 
the results of these feeding expei iinents as legaids anaemia The diagnosis of 
anaemia was ''made on the clinical signs such as extieine palloi, and confiimed 
by the chaiacr^iistic blood pictuie {vide injia) in the affected animals and by 
the piesence in^the led cells of Bartonella bodies 

It will be noted that of the six diets used m this senes of expeiiments, 
only the Mohammedan, and the synthetic without vitamins A and C caused 
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ancemia In these two diets the common dietary fault was the deficiency of 
vitamins A and C ' The Mohammedan diet ’ v as also faulty in being too 1o\a 

Table IV 
The synthetic diets 


Ingiedients 

Diets 

Per cent 

1 

I 1 

II 

m 

IV 

Purified staich 

60 

60 

60 

60 

Casein (i itaniin free B D H ) 

20 

20 

20 

20 

1 

Olive oil* (Lucca) j 

15 

1 

15 1 

15 

15 

Salt mixture (McCollum’s) j 

5 

5 

5 

5 

Yeast (Harris’s concentrated powder) 

01 gianime per rat per day 

Cod-liver oil (per cent) 

0 

0 

2 

2 

Orange juice per animal (in c c ) 

0 

2 

0 

2 

Water 


ad libitum 



*It IS possible that this contained some vitamin A 
Table V 


Diets 

Number of vmiixls 1 
1 

Xuxibeb of cxses 

OP XN-ixm 

Moibidity late 
Per cent 

Total 

Males 

Females 

Total 

Males 

jFemales 

Mahommedan j 

36 

IS 

IS 

1 7 

2 

i 

1 5 

16 6 

Hindu 1 

30 

10 

20 

0 

0 

1 

0 

i 0-0 

Hmdu Control 

1 15 

5 

10 

0 

0 

0 

00 

Synthetic I 

6 

3 

3 

1 ^ 

1 

1 

33*0 

Sjmthetic 11 

12 

6 

6 

1 0 

0 

0 

00 

S 3 mthetic HI 

12 

6 

6 

I ° 

0 

0 

0-0 

Synthetic IV 

12 

6 

6 

1 0 

1 

0 

0 

00 


m vitamin B, animal piotem and salt^ wheieas in the synthetic diet (No I) 
the vitamin B, animal piotein (casein) and salts weie piesent m adequate 
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amounts ‘ The Hindu diet ’ is also lelatively low in vitamins A and C and 
animal piotein is absent, whereas vitamin B is present in laigei amounts 
owing to the bettei ceieals eaten, but though a mild anaemia occuired in all 
the piegnant animals theie were no cases of Baitonella anaemia The synthetic 
diets on which no case of Baitonella anaemia occuried weie eithei complete or 
deficient in only one vitamin 

Descnjition of the seveie dietetic {Baitonella) ancemia 

1 Onset — ^The onset was appaiently veiy sudden as, though the animals 
weie examined daily, signs oi symptoms weie nevei obseived till the blood 
count had alieady fallen veiy markedly, and the animal, which on the pievious 
day had appeared normal, was obviously anaemic and ill On the Mohammedan 
diet cases occmied as early as the 44th day of expeiimentatron (animals 78 
days old), but cases could occur as late as the 104th day (on atta diet) In 
the authors’ seires all the cases developed withrn a per rod of 10 days, whrch 
suggests a small epidemic, but m McCamson’s earlier series cases were recorded 
over a perrod of sr\ months, though here agarn small groups of cases frequently 
occuried Sporadic cases on othei similar diets were also recorded 

2 Clinical featwes —The most striking feature of these cases was the 
extreme palloi , the eyes were pale pink instead of then normal brilliant ruby 
red colour, and the ears and feet were very bloodless The animals were 
obviously ill, inactive and disinclined to eat Hiemoglobinui ea was present in 
the severe eases In tire first serres only, the animals that died from the aniemia 
are under consider atron The pregnant females generally died undelivered 
In the second series, with the exception of one female all recovered 
spontaneously 

3 Blood pictwe — ^The blood findings in a typical case that recovered are 
given in Table VI The red cell count may fall fiom 10 millions to 1 35 
millions and the haemoglobin from 96 per cent (13 2 gs ) to 28 per cent 
(4 9 gs ) This decrease m the red cell count is associated with a marked 
variability in the size of the red cells, the average diameter increases from 
5 9 /< to 8 2 /«and in addition a large number of very large cells are present 
Plate XLIV, figs 1,2 and 3 are reproductions of photographs of blood films from 
normal and anaemic rats the magnification is the same in all thiee Chart 1 
gives the Pi ice- Jones curves of normal and anaemic rats and shows this change 
in the size of the led cells veiy clearly This increase in size is associated 
with an inci eased colour index as in true pernicious anaemia so that it is probable 

Vtliat the cells are carrying then maximum load of haemoglobin The blood 
f^ins show marked polycliiomatophilia and frequent Howell- Jolly bodies in 
tli^ied cells As the anaemia dexelops numerous noimoblasts appeal m the 
bioooJ stream and as healing commences a large number of reticulocytes are to 
be foui^^^ finding that clinches the diagnosis of Baitonella or peim- 

nmno IS the piesence of the characteristic lod-like Barton bodres 
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in the led colls £it the height of the aineiiiia Thc'-e oigani&m^ stain well i\ith 
Gienisa and show as i eddish blue lod*-, the\ aic absolutely chaiacteiistic of the 
disease (Plate XLIV, fig 4) 


Chart 1 



Diametei of led cells m jt 

Price- Jones cuives 

Ancemic rat 1,000 cells 

Noimal lat 1,000 cells 


The white cell count deci eases as the anaemia develops, the lowest value 
in the case quoted being 3,800 pei cmm , a veiy low value for an adult lat 
There is no inciease in the polymorphonucleai elements At the height of the 
anaemia a few myelocytes appeal m the blood stieam 

4 Post-moitem find^ngs — ^The post -moi tern findings in these animals aie 
veiy chaiactenstic Theie is extreme palloi of all organs, especially of the 
pancreas which is always dead white The hvei is strikingly altered fatty 
changes aie marked an^l give it a pale mottled appearance which is very 


Liver weight m giammes 
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clniacteiistic of the seieie cases On inspection it gives the impression of 
being enlarged but vhen the v eight is plotted against body-weights it is found 
to he nithin normal limits (Chait 2) The spleen is sometimes definitely 
enlaiged (Chart 3) and has been desciibed as a ‘ chestnut spleen’ If there has 


Ch^t 2 
o 



Liver weights m grammes charted against bodr -weights Mean bodj -weight 143 25 3 

in grammes !Mean liver weight 7 94 63 1 94 

Regression Ime for observ ations on ilcCamson’s normal 
rats 

•Liver weights — Splenectomized anamic rats 
^ „ „ — ^Intact anaemic rats 


been haemoglobinuria the kidnejs are enlarged and very dark in colom from 
letained pigment and the bladder is frequently distended with blood-stained 
urine If theie has been no hasmoglobmuria the kidness and bladder appear 
uoimal The bone-marrow shows no constant macroscopic changes 
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Chart 3 



gramml “ body-we.ghta ,„ 

'‘:Sr„“ o» McCa„,»a, 

PWa weights-Spleea remoyed at operation 
.. —Intact ansmic rats 


£?rarames 

Mean body-weight 
Mean spleen weights 


143 5i 35 3 
0 52 5, 0*17 


In oide. to on r SPLEHEOIOa.-. 

material for moculatran expenmtnT expeiiments and to secure 

bttef review of the literatiw^e of Z g^nleW ^ 

the loainairare no“a™7abll''bufthe“ “■“* be incomplete ae all 

a good renew ot our knowledge of t Je° So.ge (1928) gives 

occurs m most strains of rats Ifter soJeuecto ' v 7 aeaimia that 

a few days and generally associated ^vith nio^f’ k oiiset, frequently fatal in 

frequently high but mild ot abortn-rLf r5“n ‘‘“f“S'‘>bmu..a The death rale is 
uncommon and may prove fatal ^ auda, 1925) occur and relapses aie not 
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It IS generally agreed that the anaemia is an infective one associated with the presence of 
rod-hke bodies {Barioyiella muns ralli) in the red blood cells, though the exact nature of 
these IS still in dispute The ansmia does not occur in intact animals but only after 
splenectomy, and Ford (1928) states that he has only once seen a Bartonella organism in 
the blood of whole albino rats though these have been reported in wild rats and other 
rodents though not associated with an amemia Sorge (1928) also states that he has never 
seen either organism or sj'mptoms of anaemia m intact albino ammals There are non- 
infected strains in which remo^ al of the spleen is not followed by aniemia , ammals from such 
can be infected either by contact nith infected stock or by the inoculation, mtrapentoneally, 
mtraienously or subcutaneously, of blood or emulsion of liver substance from infected 
ammals kniraals so infected will only develop amemia after splenectomy, though 
infection may occui either before or after the operation (Sorge, 1928 , Cannon and 
McClelland, 1929) Lauda claims to have produced the disease in intact animals by simul- 
taneous injection of infected matenal by intravenous, subcutaneous, intrapentoneal and 
intrahepatic routes Ford (1928) states that young rats under 30 days old and under 
20-30 gs m weight can be infected by the moculation of infected matenal and proposes to 
use such ammals to demonstrate the presence of the virus 

Experiments by Mayer (1928), Sorge (1928), Cannon (1929), and others have shown that 
the infection is spread by the rat louse and possibly by other ecto-parasites 

The nature of the Bartonella bodies m the red blood corpuscles and the question of the 
infective nature of the disease cannot be decided finally till the orgamsm, if such it be, 
has been isolated and cultured For the following reasons, however, the weight of the 
evidence would seem to be in favour of the Bartonella bodies either being the mfectn e agent 
or of some virus associated with them in or on the red cells 

(1) The disease is never seen without the Baitonella bodies appearmg in the red cells 
and the seventy of the ansemia m splenectomized lats is directly pioportioml to the number 
of cells mfected with the*e bodies 

(2) The infection can be earned through several generations by animal passage 
(Ford, 1928) 

(3) The inoculation of washed red coi-puscles from infected ammals leads to the 
development of the anaemia in suitable ammals (Ford, 1928) 

(4) The fact that splenectomy in non-infected animals does not cause anaemia (Haam, 
Lauda and Sorge, 1927, Mayer, 1928, and Cannon, 1929) though this can be produced by 
exposmg the ammals to infected stock or by the inoculation of blood from such Bayon 
(1928), Mayer (1921), and Noguchi (1928) claim to have grown the orgamsm m a few 
instances but others (Ford, 1928) have failed to confirm this 

The blood picture and post-mortem findings are well desenbed by Sorge (1928) The 
blood picture is that of maciocytic anamia The increase in size of the cells is associated 
with a raised colour-mdex The films show marked amsocytosis and polychromatophilia and 
very little poikilocytosis There are normoblasts and immature cells with numerous Howell- 
Jolly bodies and a high percentage of reticulocytes In the disease as it appears in 
splenectomized rats there is a great increase in the number of white cells, especially the 
neutrophde polymorphonuclear leucocyte, and there may be phagocytosis of erythrocytes 
by large mononuclear cells The parasites, which stain well with Giemsa and are Gram 
negative, appear in large numbers in the red cells and in severe cases nearly every red 
corpuscle may contam the rod-hke bodies, and their numbers are directly related to the 
severity of the an®mia The red count may fall as low as 1 million Ford (1928) reports 
that m young rats there is not an enormous increase m the granular leucocytes, which 
increase he thinks is due to the splenectomy and not to the infection 

Post-moitem the most characteristic findings according to Sorge, are the extreme paleness 
of all the tissues and increase m size and mottling of the liver The kidneys are deep red 
m colour and may be a little enlarged Histologically the most characteristic changes are 
m the reticulo-endothehal cells and these show phagocytosis of erj throcytes with intracellular 
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deposits of drops of haimoglobm and granules of non pigment and fattj' degeneiafion the^e 
changes are most maikcd m Kupfei’s cells The changes in the kidneys ire oecondirv to 
the hasmoglobmurn, 

Sorge (1928) repoits the cine of the condition bv organic aiscnic piepaiations, especnlK 
ncosalvarsan and Mayer (1928) U'cs this sterilizing effect of neosahaisan to seeme a stnin 
of non-infected rats 

Bartonella infections occui in othei lodcnts mil in the dog (Kikuth, 1929), but the 
aniEinia only develops after splenectom-v In mm the illicrl oiganism Barlonclla bacillijormts 
IS the cause of Oioj'a fe\ei and Veiiuga Peiuvian,i the foimei being a disease associated 
nith a veiy severe hiemolytic anamiia, with i blood pictuie, iccoiding to Stitt (1929), closelj 
• esembling that of pernicious an'cmii of rits 


T\blr VII 

Residts of splenectomy in 65 icits 


Group 

Total 

numbci 

R ITS 1)1 VEI OPl D MI \ 

1 

RvTS RlMlIXCD UELL 

Post-opeiativc 

tieatment 

umber 

1 

1 

Pci cent ige 

\umbcr 

1 

Pcicentagc 

XJntieated 

25 

i 

24 

1 

96 

1 1 

4 

Fed livei extiact 

17 

1 

14 i 

I 

82 

3 

18 

Fed fiesh spleen 

12 

10 

S3 

2 

17 

Fed iitamin A 

11 

i " 

100 




Results of splenectomy 

Si\ty-six lats, all males, weie splenectoraized by Colonel McCaiiison, the 
anaesthetic fethei) being given by the senioi authoi These animals weie 
lepiesentative samples of the bieechng and expeiniiental lats and weie taken 
fiom all three animal houses In the piesent expeiiment each gtoup of animals 
vas made up fiom coiiesponding samples so that though each individual gioup 
contained diffeient types of animals, all the gioups had the same imiiables 
and so were tompaiable The opeiation' was done undei open ethei One 
animal died 12 houis aftei the opeiation fiom haemorihage fiom the pancieas, 
It also had pneumonia The otheis siuvived and seemed veiy little the woise 
foi the opeiation till svmptoms of anmniia developed several days latei Post- 
opeiatively the animals weie kept in sepaiate cages and fed on stock diet with 
the addition of unlimited whole milk Twenty-five lats had no fuithei tieat- 
iiient 17 weie fed livei extiact in doses equivalent to 6 giammes fiesh hvei 
daily 12 were fed fiesh spleen appi oximately 1 giamme daily and 11 weie 
tieated with Radiostoleum (vitamin A concentrate) in 3 diops doses twice 
daily 

From Table VII which gives the results of operation, it is clear that the 
Avliole of the stock was Irable to develop anaemia after splenectomy Blood 


* See Appendix for opeiative method 
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films taken horn these animals at the height of the antemia all showed the 
piesence of numeious Baitonella bodies in the led cells, the number of organisms 
being directly piopoitional to the seventy of the ansemia, in other woids, the 
aiicemia was a Bartonella aniemia The fact that a few'’ animals fed on hver 
extiact and spleen pulp and onlj” one in the control gioup did not develop the 
disease does not indicate that livei and spleen theiapy piotect fiom this com- 
plaint, as the difference between the gioups is not significant Veddei (1928) 
has also reported that livei and spleen e'rtiacts have no protective action in 
this anaemia in splenectomized rats Vitamin A also failed to piotect the 
animals hlanj of the ammals recovered spontaneous!}’’ but the deatli-iate 
could not be ascertained as many were killed at the height of the anaemia foi 
evpeiimental pin poses 


(c) IxOCULlTIOW EXPERIWEXTS 

The following experiments weie designed with a view to producing an 
attack m susceptible animals bj inoculation of infected blood, which was 
obtained by withdiawnng heart blood from splenectomized animals at the height 
of the anaemia, when the red cells w'eie liea'vily infected wnth Baitonella 
oigamsms 

1 Tord’s (1928) woik w'as repeated and 30 da}s old lats inoculated but 
no anaemia resulted and no organisms were found in the films 

2 Ten health} stock males were inoculated intravenously with quantities 
vaiying from 0 3 to 1 c c of infected blood No animal became anaemic and 
no oigamsms were seen in blood films, in fact the animals appeared absolutely 
unaffected by the injection 

3 Four normal female animals were inoculated mtraperitoneally with 

0 5 c c infected blood , none became anaemic and the ammals remained in 
peifect health Table 1, shows the findings in one animal 

4 Four normal piegnant females weie inoculated mtraperitoneally with 
0 5 c c infected blood One animal was killed accidentally on second day of 
the expel iment, another showed no sign of anaemia and remained well and gave 
biith to a healthy litter that survived The other two animals showed a slight 
reduction m both the red cell count and the haemoglobin value associated with 
a slight amsocytosis and some poly chi omatophiha No organisms were seen 
in the films The ammals appeared perfectly w’ell Table VIII, 2, show’s blood 
changes in one of the tw’o rats that became slightly anaemic 

5 Foul piegnant lats fed on the ‘Hindu diet’ w’eie inoculated intiaperi- 
toneall} with 0 5 cc of infected blood Two of these animals weie on ‘the 
contiol Hindu diet,’ that is were receiving cod-livei oil and tomato juice m 
addition to the diet One of these unfortunately died from prolapse of the 
uterus a few days aftei the inoculation, before any very maiked changes had 
occuiied in the blood The othei developed a mild anffimia (Table VIII 3a) 
luiassociated w’lth an} changes in the blood picture The animal appeared 
peifectly well The two othei animals weie on the unconected Hindu diet 
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These two animals cliff eiecl from all the others inoculated in that they became 
severely aniemic and chmcallj’’ appealed ill, wheieas all the others showed at 
the most a veiy slight anannia and seemed otherwise entirely unaffected by the 
inoculation The changes that occiuied in the blood counts and picture of the 
two ammals were very similar, so only one will be considered in detail (Table 
Vm, 36) Before the inoculation the red cell count was 9 00 million per c mm , 
4 days after the inoculation it had fallen to half that value wheieas the 
haemoglobin had onlv fallen from 95 to 53 per cent, so that the colour -index 
had risen from 1 04, a normal value, to 1 29 which is an increased value 
This increase m the coloui -index was associated with the appearance of numerous 
large, frequently polycliromatophilic red cells m the blood, so that the shde 
showed marked anisoc 3 d:osis and polychromatophilia Howell-Jolly bodies 
were also frequent After delivery there was a fairly rapid recovery with a 
return to a normal blood picture The white cells count before and throughout 
the experiment was raised and except for the usual increase m polymorpho- 
nuclear cells aftei delivery the ratios of the difieient cell elements fell within 
normal hmits Though the slides were searched again and again no Bartonella 
organisms were discovered 

All attempts to culture the ‘ orgamsm ’ failed 

Discussion. 

The present series of experiments have demonstrated that it is possible by 
dietetic means to produce a severe megaloc 3 rtic anaemia m rats, especially in 
female animals, and further to show that this anaemia is a Bartonella anaemia 
occurring m intact animals Two of the expeiimental diets were natural diets 
based on those in common use among the women who suffer from pernicious 
amemia of pregnancy m Bombay These differ m their composition and m 
their effect on the ammal The first was the so-called Mohammedan diet 
This diet IS not only low m vitamins A and C but also high m fat and relatively 
deficient m B compared to the Hindu diet, as atta is partially replaced by 
white bread, and bajree and dhal are not included m the diet On this 
Mohammedan diet severe cases of Bartonella anismia occurred in female 
animals On the ‘ Hindu diet ’ which was not only less deficient m vitamm A 
but contamed less fat and also a more adequate supply of vitamm B there were 
no spontaneous cases of Bartonella anaemia However, pregnant animals on this 
diet, when inoculated intraperitoneally with Bartonella mfected blood, became 
extieraely anaemic This fact is significant as other pregnant animals, whether 
normally fed or receiving the supplemented Hindu diet, failed to develop this 
severe anaemia after inoculation. 

The other natuial diets (McCarnson’s stone-pioducmg diets) that produced 
this anaemia \sere not based on Bombay diets but shared the same vitamm 
deficiency, le, a partial deficiency of A and C That the causal factor is 
either this dual deficiency oi some other related to it, possibly a specific anti- 
anaeniia factoi as found m Inei, lathei than a general deficiencj of vitamins 

T HE 
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A, B, and C, as found ni the Aloiiammedan diet, is suggested by the lesults of 
these expel iinents of McCaiiison and the cxpeuinents with synthetic diets 
The vitamin B-content of all these diets was judged to bo adequate, but this 
did not pi event cases of amemia fiom oecuiiing in lats fed on those that were 
low in vitamins A and C 

It ha'^ been shown that this dieteticall^-pioduced anaimia i^' a Baitonclla 
anannia as it -was possible to deinonstiate the oiganism in the icd blood cells 
Fiuthei splenectomy expoiimcnts showed that the whole of the Coonooi stock 
was liable to develop this anannia undei suitable conditions ami ^et, out of all 
the animals undei going expeiimentation both while the present senes weie 
undei investigation and duimg the eailiei woik, only those on diets low in 
vitamins A and C developed this anainiia Othei animals in close contact weie 
deficiently-fed and below pai but these weie immune 

It seems safe to conclude theiefoie that the factoi that lendeis intact lats 
liable to this amemia is a dietaiy one The present senes of expenment is not 
sufiBciently conclusive to decide the exact natme of the deficiency, the results 
suggest that eithei a relative deficiency of vitamms A and C oi some other 
closel} associated dietetic factoi is most likely to be responsible 

Previous wnteis have not lepoited the occurrence of Baitonclla organisms 
m intact albino lats though Bartonella bodies have been recorded in the red 
cells of wild lats and other rodents unassociated with an anarmia For reasons 
quoted in the liter atuie the anaemia produced by splenectomy m most strains of 
lats IS consideied an infective one due to the presence of this oigamsm Up 
to date it has been impossible, with some possible exceptions (Bayon, 1928 
and Mayer, 1921), to culture this species though the allied Baitonella bacilh- 
f 01 mis has been grown But if it is as‘?umed that it is an infective amemia 
then the removal of the spleen, re, a large bulk of the leticulo-endothelial 
system, enables an infection which is latent to become manifest By dietetic 
means alone it has been possible to produce the same effect with resultant 
anaemia m typical foim In this connection the work of Rosenthal (1924) and 
his co-woikeis and Regendanz and Kikuth (1928) on the importance of the 
reticulo-endothehal system in the defences of the body, especially m protozoal 
infections, is of considerable importance Thej'- consider that the trypanocidal 
power of normal serum is not a direct function of the serum but that some 
element in it is activated m the bodj'’ of the experimental animal by some 
element in the lattei’s leticulo-endothelial system If the leticulo-endothelial 
system is knocked out either by removal of a large portion of it, i e , the spleen, 
01 by blocking with sacchaiated non this power is lost (normal serum also is 
inactive in vitio) If then a large part of the rat's defence mechanism against 
a Baitonella infection, whatever the nature of the Bartonella organism may be, 
lies in the spleen, an assumption warranted by the results of splenectomy, what 
IS the action of the dietetic deficiency Is it not possible foi the deficiency 
under consideration to have a specific action on the reticulo-endothehal system 
even as a ^'ltamln A-deficiency has a specific action on the epithelial stiuctuies, 
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rendeung the animal peculiarly liable to bactenal infections (Tyson and 
Smith, 1929 and Wolbach and Howe, 1925)’ Post-moitem, there are abundant 
signs of changes m the leticulo-endothelial system but whethei they lesulted 
from the diet and occuiied befoie the infection de\ eloped oi are a result of 
the infection it is impossible from the present woik to say All that can be 
stated IS that by dietetic means alone a Bartonella ansemia has been produced 
m the intact lat and that this is possibly the lesult of changes in the reticulo- 
endothelial system due to the faulty feeding 

It should be noted that the female animal is paiticulaily liable to this 
aniBima and that the disease is peculiaily fatal in the pregnant animal 

Liver, spleen and vitamin A theiapy in splenectomized lats failed to afford 
an} piotection against this ansmia It is possible that in the intact ammal 
thej nould have had some piotective or cmative effect a laige scale experi- 
ment Mould be necessary to test this 

Summary 

(1) A seieie amemia has been produced in rats by feeding on diets devised 
to be relatively deficient in iitamins A and C 

(2) The deficient diets included both natmal and synthetic diets 

13) The anamia was moie frequent and much more seveie in female 
animals 

(4) i\Ianv of the animals made spontaneous recoveiies 

(5) Examination of slides demonstiated the piesence of Baitonella 
muns in the red cells of the anffimic lats the ansmia was therefoie ‘ permcious ' 
or ‘Bartonella’ anaemia occuriing spontaneously in intact ammals 

(6) Splenectomj showed that all the Coonoor stock was infected with 
Bartonella 

(7) Lixei and spleen feedings failed to protect the lats from this anaemia 
aftei splenectomy 

(8) The only animals in our expeiiments that developed an anaemia after 
the inoculation of Bartonella infected blood is ere pregnant lats fed on the 
so-called Bombay Hindu diet 

In conclusion we would like to thank Colonel R McCariison and the staff 
of the Nutiitional Research Laboratoiies foi then veiy generous help m this 
Mork 
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APPENDIX 
Splenectomy in rats 

Tse skin ovei the left side of the abdomen and the left flank is shaved, 
cleaned and painted with iodine The animal is anaesthetized with open etliei 
given from a cone (caid-board) lined with wool When well imdei it is placed 
on its back on a boaid and its legs extended by means of tapes attached to 
pegs An incision about IJ inches long is made fiom just below the angle 
of the libs downwaid m oi just m fiont of the left flank The pioposed site 
of the incision in the abdominal wall is fiist caught up by sutuies one at the 
uppei and the othei at the lowei end The skin and abdominal muscles 
aie severed and when the peiitoneum is leached gentle ti action is made upon 
it by the two sutuies so as to raise it well above the underlying visceia A 
curved bistoury is mseited at the lowei end of the wound and a small opening 
made to admit blunt-pointed scissors with which the opening into the abdominal 
cavity IS completed The spleen frequently presents in the wound, if it does 
not the anaesthetist presses gently from behind when it practically always 
appeals in the wound The spleen is lifted up by a pan of foiceps and the 
pancreas separated from it, the splenic vessels running between the two organs 
are then divided by means of the blunt-end of a scalpel heated to a dull red 
heat The greatest care must be taken to heat to the light temper atuie as 
too great a heat cuts the vessels cleanly and causes severe hsemoirhage and 
msufiicient heating causes tearing and hEemorihage again Should bleeding 
occur it can be controlled by touching the point with wool dipped m absolute 
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alcohol touching the pancieas with the cautery leads to further hssmoirhage 
The peutoneum is sewn by with a continuous, fine catgut suture and the skin 
by a continuous cotton sutuie The wound is swabbed with iodine and the 
animal letuined to a cage lined with wool to prevent injury during recovery 
from the anresthetic 

The stiictest antiseptic precautions sliould be taken In our series there 
was no trouble fiom sepsis, the wounds healed rapidly, the lats lemoving their 
own stitches but never befoie the wound had healed, and post-mortem there 
was veiy httle scarring of the tissues The operative death-rate in our series 
was 1 in 67 animals 

It should be noted that duiing the operation the spleen is engorged with 
blood Chart 3 shows the weights of the spleens removed by opeiation the 
legiession fine on the same chait is from values obtained from normal animals 
belonging to the same stock, but removed post-mortem aftei death fiom a 
blow on the head The inci eased weight of the organ removed at operation 
is due to the engoigement with blood that occurs during ansethesia It has been 
shown befoie that the weight of the spleen depends on the mode of death, 
hence foi compaiative studies it is essential that the animals should be killed 
in the same manner and spleens removed under an anasthetic cannot be 
compared with those removed post-mortem 



Explan -VTION op Plate XLIV 
Fig 1 Blood film fiom noimal lat X 250 
„ 2 Blood film fiom intact lat with seveie Baitonella antemia X 250 
„ 3 Blood film fiom splenectomized lat with se^ele Baitonella ansemia 
X 250 

„ 4 Blood film fiom splenectomized lat Red cells show Baitonella 
‘oiganisms’ X 1,000 
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As the result of an investigation in a Calcutta gaol, Chandler (1926) made 
the statement that hookworm infection was rapidly lost, when reinfection did 
not occur He assumed that all piisoners on admission to the gaol had a fairly 
constant average infection rate He divided the piisoners into batches depend- 
ing on the length of time the men had been m gaol, and he worked out the 
average egg count of each batch He obtained a rapidly falhng curve, which 
showed a close correlation with the length of time the prisoners had been m 
gaol Up to this time it had been the general opimon that hookworm infection 
was slowty acquired and coriespondingly slowly lost, and a paper by Smilhe 
[19221 was considered to have proved this It was decided to check Chandler’s 
observation as, if correct, it was of considerable importance 

The same gaol was chosen for the investigation, but the subject was 
approached in a different vay All new admissions to the gaol were examined, 
and aftei about a month fifty-six prisoners with faiily heavy hookworm 
infections were found, and these were selected foi furthei observation, then 
stools being examined once a month for a period of twelve months, from 
Novembei 1927 to Octobei 1928 Unfortunately, owing to transfer to other 
gaols, the number of the prisoneis available gradually dumnished so that 
towaids the end only half of them were left and the figures are rather small, 
they are given in Table I 

It will be seen from these figures, from which Chart 1 has been compiled, 
that there is a lapid loss of mfection during one period of the year, but that 
this peiiod is piececled by one of equally rapid gam This suggested that, 
foi part of the jeai at least, the piisoners were acquiring infection Caieful 
inspection of the gaol and of its sanitary routine did not reveal any possibihty 
of the prisoners becoming infected within its precmcts This is the 'Jame 

( 686 ) 
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T.ysLC I 


Egg counts on the same jnisoners joi twelve months 


Month 

Number of prisoners 

Average eggs per gramme 
per prisoner 

November 

5G 

1,271 

Decembci 

56 

1,089 

January 

56 

980 

February 

53 

928 

Maich 

50 

1,132 

April 

IG 

1,243 

May 

41 

O 009 

June 

39 

1,803 

July 

34 

; 1,671 

August 

31 

I 1,071 

September 

28 

1,328 

October 

2G 

i 

723 


Ch/VRT 1 


Hookworm egg counts m a Calcutta gaol 




conclusion at which Chandlei anived, but further inquiry revealed the fact 
many of the prisoners are sent out of the gaol daily to engage in hoiticultural 
and othei woik This appeals to be the only possible way in which infection 
could have been acquired, and it also serves to explain how some of the prisoners 
examined by Chandlei had infections after being in the gaol for many years 
At the same time the gaol authorities do not consider infection likely to occur, 
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■nliile the prisoners aie engaged m outside \sork, as no night-soil is used in the 
gardens where they are employed 

As the numbers available were so small it was possible that the variation 
observed ^\as only accidental, and so Lieut -Col A D Stewart, ims, kmdly 
examined the figures statistically, and although the true variation is less than 
that shown by the simple aveiages in the table, he found that the variation is 
sigmficant 

When Chart 1 is examined it is seen that the merease occurs in the pre- 
monsoon period, and that once the monsoon is properly estabhshed the infec- 
tion rate rapidly falls, and that the fall continues throughout the wettest 
months of the year But as the number of people examined was so small and 
as they were Imng under abnormal conditions compared with the free popula- 
tion, it was thought that these findings might be due to some unrecognized 
factor, which w as not present in people hnng elsewhere, and not under restramt 
It was accordingly decided to continue the inquiry in other localities and 
among free people 

Two tea gardens in the Dooais of Northern Bengal were made available 
bj their managers, for repeated observation over a prolonged period, and stools 
from the same mdmduals in the^e gardens were examined on five occasions, 
VIZ , in June 1928, m November 1928, in March 1929, in June 1929, and in 
November 1929 During the period of observation no hookworm treatment was 
carried out among these coolies All the stool collections were made under the 
supenusion of one of mj assistants, who himself measured them all and placed 
them m bottles of Antiformin after the method of Maplestone (1929), and the 
egg counts were done by the writer and his senior assistant In this way 
variation m results owing to the differences in method and capabihty of the 
people employed were eliminated It will be noted in Table II that there is 


Table II 

Egg counts on the same peisons on five occasions, on tuo tea gardens in the 

Dooars 



June 

1928 

No\ ember 
1928 

March 

1929 

June 

1929 

1 November 
1929 

Number exammed 

7B4 

685 

635 

582 

530 

Number infected 

726 

586 

511 

554 

471 

Per cent infected * 

1 

92'6 

855 

son 

952 

88:8 

Average eggs per gramme 

01 total examined 

13S 

653 

526 

1,002 

577 


a graduallj dimimshing number of people examined on each occasion, but the 
a\erages obtained were caiefully checked, and there was no endence'that the 
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successnc decieasc in numbei& iunl nny benung on the lebults People of all 
ages and ot both sexo'i wcie included, and it was noted that none of the varia- 
tion noted in egg counts could be explained by any alteiation in the piopoition 
of peisons of difteient ages oi sex, ar. the numbeis lessened Appioximately 
half the people weic fioiu each ol the two gaidcii'-, and a-, each gaiden showed 
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about the same infection late on each occasion, the lesults have been given as 
a total of the two gaidens, though they weie kept separate duimg the course 
of the woik 

These figures show that there is a definite fall in the egg output in the 
monsoon peiiod of each j^eai, and if Chart 2 is consulted it is brought out that 
the falls on each of these occasions were neaily paiallel It will be seen that 
the egg count foi June 1929 is somewhat lowei than in June 1928, this may be 
only a matter of chance, but study of the rainfall for the two years shows that 
m 1929 there was more rain in Match and April and that it was much heavier 
in May 1929, than m the corresponding months of 1928 But what is probably 
of more importance than the amount of rain is the number of days on which 
rain fell, for this would mean inoie days on which there was too much moisture 
for freshly hatched larvae to live It is found that the nuinbei of days on 
which rain fell in March, April, and May 1929 was 6, 18 and 24 respectively, 
against 4, 9, and 18 for the same months in 1928 Therefore the lower count 
m June 1929 compared with June 1928 is m accord with the general observa- 
tion of this paper, that too much lain is unfavourable for hookworm develop- 
ment Of course it is not known at exactly what time of the year the highest 
infection late occurred, so it is not clear if the maximum had been reached 
m June, or whether it was a little before or after this month It is interesting 
and confirmatory that the alteration in average egg count represents actual 
alteration in the number of worms harboured, when it is noted that the per- 
centage of persons infected follows the amount of infection demonstrated by 
the average egg count 

In leading all the Tables and Charts m this paper it is important to 
lemembei, that what is shown in an egg count represents what has occuried 
to the individual, six weeks to two months previously, in lespect of acquiring 
infection On account of the long intervals between examinations m the present 
series it is not possible to apply this principle, but as far as they can be com- 
pared these results appear to be in agreement with those in the Calcutta gaol 

The next senes of examinations were undertaken in two tea gaidens in the 
South Sylhet district of Assam The method employed in this instance was to 
collect one hundred stools fiom each of the gaidens, as nearly as possible once 

* Maplestone (1926) in experiment 3a shows that only a httle over one-thnd the numbei 
of huae are produced from freely moistened soils compaied with controls, which were kept 
just damp In the course of these experiments, the detail of which is not given m the oiigmal 
paper, ten cultures kept heavily moistened together wth an equal numbei of controls weie 
put up One of the cultures and one control weie examined daily foi the number of laivai 
present, begnmmg twenty-four hours after they were put up, and it was found the eggs 
hatched just as well m the very wet cultures as they did in the contiols, for the number of 
young larv® extracted from each were approximately equal on the first day But on each 
successive day, until the larvte became sheathed, the number extracted from the wet cultuies 
steadily dimmished After the sheath was formed the Ian ib hved as well m very wet earth 
as they did m slightly moist earth This experiment was performed on sex eral occasions and 
the results were always the same ’ 
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a month; the lesult was that ten examinations weie peifoimed between Februaiy 
1929 and Febiuaiy 1930 Stools fiom the same people could not be obtained 
on each occasion, but as the population of one gaiden was about 400 and of the 
othei about 1,500, it is ceitain that many of the people weie examined more 
than once The stools weie placed m Antitounin and weie sent to Calcutta 
wheie they weie counted b}’- the same people thioughout the Inquiiy 

Chait 3 has been compiled fiom the figincs in Table III, and Chait 4 is 
the monthly lainfall in these gaidens dm mg the peiiod of the investigation 

T/XBle III 

Egg counts on 100 persons jioni each oj two tea gaidens in South Sylhet 

(1929-1930 ) 


1 

Month 

N umber examined 

Gaidcn 1 
(Pop 400) 
e p g 

Gaiden 2 
(Pop 1,500) 

A\ e p g 

Febuiaty 

100 ! 

875 

300 

Apul 

100 

624 

365 

May 

100 

1,074 

7^0 

July 

100 

1,484 

722 

August 

100 

1,394 

627 

Septerabei 

100 

890 

423 

October 

100 

1,012 

534 

Novembei 

100 

670 

495 

Januaiy 

100 

652 

255 

February 

100 

376 

158 


Compaiison of these chaits shows that the use m infection begins in the April- 
May peiiod and that it continues until July, and that the fall begins in the 
July- August penod, that is, about two months aftei the lams commence the 
use begins, and that the fall begins about two months aftei the peiiod of 
maximum lamfall is leached If these comparisons aie still moie closely 
analysed, it is found that the second half of July was exceptionally diy foi the 
monsoon season, there being only about thiee inches of lam m this foitnight, 
and this is reflected m a slight use m the infection late m both gaidens in the 
September-October period This obseivation is possibly only due to chance, 
but at the same time it is quite in accoid with the othei findings, that model ate 
lam means mciease and heavy lain means decrease in infection 

Fiom these obseivations it appeals, that in the localities so far examined 
the piincipal factor in limiting the amount of hookworm infection is the 



Avetage eggs per giamme 


P A Maplestone 


691 


e\ce3sive ram m the monsoon and not the dry time of the year, and that the 
only time of the year in which the amount of infection increases is a short 
one of about two-and-a-half months m the pre-monsoon season, when there 
aie mfieqiient showeis which moisten the giound occasionally and render it 

Chaet 3 

Hookivorm egg counts m Sylhet gardens 



Chart 4 

Rainfall m Sylhet during the time of observation 
50 
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lc^^ouKlble foi the nuwiimnn development of hookwoim laiva; Continued 
excimiintion of a communitj ‘^howb that at no time of the year does hookwoim 
infection cease altogetliei, but that some individuals aie losing then infection^ 
cithci wholly oi in pait, and that othcis aic acciuiiing infections oi adding to 
then existing infections, and that this change is continually going on Therefore 
the leal meaning of the statement that hookwoim infection is being acciuiied 
dining one pait of the veai and is being lost dining anotlici pait is, that when 
the losses and gains of a nunibci of people aie added togcthei it is found that 
the total IS gieatei at one time than at anothci In othci woicls, the balance 
m favoiii of hookwoim in the pic&ent investigation exists foi about two-and- 
a-half months of the ycai, and it is against the hookw'oim foi the icmamdei 

Although the maximum tcinpeiatincs aie always high enough foi the 
favouiable development of hookw’oim laivm in Bengal and Assam, the minimum 
tempeiatiiie falls below' 60°F foi a consideiable peiiod every jeai This 
tempeiatiue is recognized as the critical one foi development of hookw'oiin 
laiviE, foi below 60°r the development is much letaided, and a fuithei fall 
of a few' degrees w'ould in all probability prevent it altogetliei In Calcutta 
duiing the cold season 1927-1928 the minimum tempeiatiue w'as above 60°r 
only on one occasion between the 9tli Decembei and the 18th January, while 
before and after this period the tempeiatiue only fell below' 60°F on a few 
isolated occasions Reference to Chart 1 show's that the definite increase in 
egg output began some time between February and March, that is approximately 
SIX weeks after the minimum temperature became fairly regularly established 
aboye 60 °F 

In the tea districts, the period during which the minimum tempeiatiue 
remains continuously below 60°F is much longer For example in Sylhet, 
from the 12th November, 1928 to the 13th March, 1929 the minimum tempera- 
ture was above 60°F onlv on eleven occasions, and from the 10th December, 
1928 to the 23id February, 1929 it was below 50°F for fifty-eight out of the 
seventy-six days Reference to Chart 3 shows that the increase m egg output 
began during the Apiil-Ma> peiiod, that is six weeks or more after the minimum 
temperature remained permanently above 60°F 

In experiments, such as those of McCoy (1930) who w'oiked with 
A camnum laivse, in which the effect of lowered temper atm es on the larval 
development were investigated, the temper atm es were apparently maintained 
permanently at any given level, but in actual practice in Bengal and Assam 
there is a daily range of about 20 degrees dm mg the cold season It seems 
probable that the daily alteration from a favomable to an unfavouiable tem- 
perature for development of larvae would have a much more harmful effect than 
a continuous slightly unfavourable one 

The rainfall in Calcutta was ml from November 1927 to March 1928, but 
the use in infection rate began in Febiuary-Maich The reason for this is that 
the prisoners w'eie w'oikmg on iiiigated ground so they became infected irres- 
pective of rainfall Also in Garden 1 m Sylhet, owing to the special condition 
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of the coolie lines and defecation aieas, which will be explained in detail below, 
the soil was in a Inghlj favourable state foi larval development tiiroughout the 
dry and cold months of the yeai, but theie is no sign of an inciease of infection 
until SIX weeks oi moie aftei the minimum temperatuie became stabilized above 
60 °F The tempeiatuie in the Dooais is much the same as in Sylhet, but 
owing to the length of time between examinations in this district it is not 
possible to asceitam exactly when infection began to increase 

Owing to the unusual conditions of the soil dining the diy season in the 
tv,o localities where it has been possible to examine the effect of the low 
temperatui es, it has not been possible to estimate the effect of the absence of 
ram in lessening the amount of infection This is piobably of impoitance in 
the case of the gaol foi the rise m hookw^orm infection begins a month befoie 
theie IS any lam at all But in Sylhet, wdieie the peiiod of low minimum tein- 
peiatuie is much longei, the onset of occasional lains and the rise of the mini- 
mum tempeiatuie to a peimanently favouiable height loughly coincide, so it 
IS not possible to sepaiate the effect of the low' temperature and the diy 
weather in this case 

The use in infection rate duimg the pre-monsoon peiiod, when the lain 
IS inteimittent, indicates that slight moisture is the most favomable condition 
foi laival deielopment, so one would expect a similar use at the end of the 
monsoon, when the rain again becomes infrequent and the soil slightly diiei 
There is no evidence in the figuies so far obtamed that this condition occurs, 
and the explanation offeied is, that as the lains decrease the minimum tempeia- 
tuie begins to fall, and the two factois commg together tend to balance one 
anothei so that the amount of infection lemains more or less on a level during 
this period It is probable, that m other places wheie there is no cold season, 
there would be just as definite a use in infection rate at the end of the wet 
season as there is at the beginning 

If reference is made to Table III it will be seen that Garden 1, wuth 
a population of about 400 in its lines, has an infection late appioximately 
double that of Garden 2 throughout the year, and the latter garden has a 
population of about 1,500 This is contiaiy to what one would expect, for both 
gardens are under the same medical and general administration, they contain 
coolies of the same tubes, and they are within two miles of each othei 
Examination of the coolie lines in these tw'o gardens, however, revealed a 
difference in then situation and arrangement In Garden No 1 the huts are 
all crowded togethei on a short nariow' ridge, and on each side of the ridge 
there are small low' flats, w'heie defecation is performed and the eoncentiation 
of feces is consideiable These flats aie peimanently moist fiom seepage from 
the ‘surrounding higher ground, and they are not scoured dm mg heavy rams 
In Garden 2 the huts are scatteied over a wide aiea occupying several 
steep iidges, w'lth onlv a few huts on each iidge, and defecation is peifoimed 
m the nan on steep gullies between These gullies are diy for the most part 
and are subject to scoiiimg in the rains, owing to then steepness This is a 
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valuable example, as it cleaily (lemonstiutes hou a little caie and knowledge 
applied to the selection oi coolie lines might gieatly les&en hookworm infection, 
without any othei mca‘'Uieb being employed 

Othe) helmintln 

The eggs of the othei common intestinal uoims picscnt weie counted at 
the same time, except in the gaol wlicic the infections weie so few that it was 
not woith while 

Tvdle IV 


Aveiage eggs jiei g) amine of Ascans and Tnchuns in the Dooais 



June 

1928 

Nov 

1928 

* March 1929 

1 

June 1929 

1 

Nov 

1929 


Asc 

Tricli 

Asc 

Trich 

Asc 

Tiich 

Asc 

Tridi 



Number exa- 
mined 

784 


685 

i 

635 


582 


530 


Number in- 
fected 

736 

601 

618 

559 

511 

530 

169 

469 

395 

427 

Pei cent in- 
fected 

94 

77 

90 

82 

SO 

83 

81 

81 

75 

81 

Average e p g 
pel total 

7,396 

302 

8,220 

290 

7,401 

304 

5,229 

270 

6,864 

186 













A glance at Charts 5 and 6, compiled fiom the above tables, shows that 
there is no evidence of seasonal variation in the infection late of these two 
parasites This is what one would expect, foi the eggs of these worms will 
remain unhatched and alive m watei for prolonged periods, so they aie not 
likely to be killed by heavy rainfall An important point brought out by the 
absence of loss of infection by these two worms during the wet season, is that 
the amount of infection is not apparently effected by dilution of fieces and 
scattering of eggs by rams This supports the view, that in the case of hook- 
worm, the loss during the wet weather is due to actual death of larvae, and not 
to then being more widely, and consequently more thinly, distributed by the 
heavy ram 

In the Dooais, infection with a species of Ti ichosti ongylus is fairly common 
Infections with this worm seem to be invariably light, and it is probably of 
little piactical importance, but it is inteiestmg to note that it shows a vaiiation 
similar to that of hookworm The counts made in June and Novembei 1929 
are slightly higher than those in the same months of 1928, but the number of 
infected persons is small and the counts are as a rule below 100 eggs per giamme, 
so the total is markedly affected by one oi two abnormally high counts, which 
actually did occur in 1929 
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Table V 


Aveiage eggs pei giamme of Ascans arid Tnchuns in Sylhet 



Number 

examined 

Gahdeit 1 

Garden 2 

\sc 

Trich 

Asc 

Trich 

Februarj 

100 

12,9S7 

156 

3,313 

142 

April 

100 

1,3S7 

74 

2,992 

102 

jMaj 

100 

2.1J2 

133 

6,051 

252 

July 

* 100 

1 

‘ IS14 

71 

1 

3,4S7 

148 

A-Ugust 

100 

1,7S6 

101 

2,968 1 

134 

September 

100 

1,077 

56 

2,356 

121 

October 

100 

1 122 

65 

6,175 

216 

Xoi ember 

100 

3;2S2 

100 

2,798 

215 

Januarj 

100 

ns7 

95 

4,261 

158 

Februarj 

100 

9,103 

216 

4,100 

108 


Chart 5 

Ascans and Tnchuns egg counts jn Dooars gardens 
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Table VI 

Aieiage eggs pei gramme of Tnchostrongylus in the Dooars 



June 1928 

Noa 1929 

March 1929 

June 1929 

Nov 1928 

Number exammed 1 

1 784 

685 

635 

582 

100 

Number infected 

I 143 

106 

57 

108 

! 18-8 

Per cent infected 

lS-2 

154 

9-1 

18*5 

1 25 

1 

Aa erage e p g per total 

! 24 

1 

23 

14 

28 

1 

1 

1 

1 530 


J, MR 


22 


AA'erage eggs per grammo 



Average eggs per gramme 
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The alteiation m egg outinit of thi^ wonn i-s slight compared with that of 
hookwoini, but tlio change follows the xaine seasonal valuation This worm 
belongs to the same gioup as do Anc^Iostolna aiul Necatoi so it is piobable that 
it has a similai hie histon, and it is inteicsting, that w'hat ciiange occurs in 
the infection late agiee-' with the change in the hookwmims 

ClIMlT 6(1 

Asciiis egg coiinfs in Sj’Jhct girdons 
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Chart 6b 

Tiicluiiis egg counts in Sylhet gardens 
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Discussion 

It has been shown experimentally, by Payne (1922) and by Maplestone 
(1926), that excess of moistuie is deleteiious to hookwoim laivse, and vaiious 
wiiteis* notably Coit, etc (1926), and Sweet (1927), have expressed the opinion 
that hookwmim infection is not so heavy wheie the soil is veiy wet, but as far 
as the writer is awaie this is the fiist occasion on which the actual amount of 
loss in infection due to the wet season has been shown in any country Cort, 
etc (1929) examined one hundred and seventy-five peisons in a Panama village 
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on tluee occasions, viz , at the beginning, in the middle, and at the end of the 
wet season The conclusion these woikeis came to was that there was no 
‘Significant change dining this time, and as a coiollaiy, that theie was no loss 
of infection dining the evtiemely diy season to which this locality is subjected 
The}’^ accordingly do not agiee with Chandlei’s conclusion that hookwoim 
infection is lapidlj lost in an aveiage diy season If tlieii Table I is examined, 
howevei, m the light of the piesent papei, it will be seen that what slight 
change does oecui, agiecs nith inv own figures, foi theie is a slight increase 
between the fiist and second counts, that is duiing the early part of the wet 
season, and theie is a ‘flight diop between the second and thud counts, that is 
dining the lattei half of the net weathei But the final lesiilt is that the 
difference betneen the fii^t and thud counts is negligible, theiefore on the 
data available there apjieai‘5 to be no definite seasonal vaiiation in infection 
rate in Panama, but it i^ possible that moie fiequent olr^enation of larger 
numbers of people might “lion some change to occiii 

In the case of Ascaiis, the Panama woikeis find a definite increase during 
the wet neathei, and fiom this thev deduce that there must be a coiresponding 
loss in the div neathei Fiom some obsei nations the wiitei has made he is 
inclined to agiee, that theie i*? probably a lapid loss of Ascaiis infection, but 
in the obseriations recorded in thi<5 papei there is no evidence that the change 
fioin net to dn seasons in Bengal and Assam have anv influence on it 

Although a considerable change in infection late of any helminth fiom one 
season to another is «ugge'!tne that theie is a lapid loss and gam in infection 
at different times of the yeai, this state of things need not necessarily be 
occiiiiing for in an endemic countiv where the inhabitants aie continually 
losing and acquiiing infection the worms thev lose this yeai may have been 
picked up manv years ago and the ones they gam this yeai may remain in 
then intestines foi manj moie xeais, <=0 the seasonal vaiiation that goes on 
may be an annual reflection of nhat occurred an unknown number of years 
before 

Augustine and Smillie (1926) showed that in Alabama hookwoim infection 
IS not so seveie among the inhabitants of the heavy black soil areas, as it is 
among the people living on sandy soils Thev asciibe this difference to the 
fact that in the div season the black soil becomes baked very haid so hook- 
woim Ian 26 cannot letieat into the deeper laveis, noi can they move about 
m it It n possible that the factoi of gieatei retention of water by the black 
soil during the wet season also plaxs an impoitant part m destroying the 
larv 2 e 


CoXCLTJSIOXS 

1 An isolated examination of a sample of any population for the degree 
of hookworm infection is umehable unless the seasonal variation is known 
It IS also unsafe to assume on theoietical grounds what is likelj’- to be the time 
of heaviest infection Poi instance Chandlei (1926-28) m his numerops 
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papeis in hook^^olm intection in India Iki-? applied collections to liis figures 
on the assuinjition that Novcinbei is the time of ma\imum infection, and April 
and jNIaj about the ininiinuin It i6> ''lioivn in the picscnt papci that foi Bengal 
and Assam at all e\cnt'', almost the icveisc appeals to be the case 

2 The piesent iin estigation only apphc'- to ccitain aieas in Assam and 
Bengal, and the dificient icsultb obtained by Coit and his co-woikeis in 
Panama, both with legaid to hookwoim and ascaii^, indicate that much inoie 
wmik of this natmc must be done bcfoie a woikmg foi inula can be produced, 
wdnch could be applied to any place to estimate the ^ca-'Onal vaiiation in these 
infections, being guen the conditions of lamfall, soil, climate, etc 

3 In the places investigated, intensive ‘'Umtaiy woik in the nature of 
night-soil consenancj foi the shoit pciiod of about two-and-a-half months 
(jNIaich, Apiil, Alay) each yeai would piobably i educe hookwoim infection in 
these aieas to a negligible degiee 

4 A stiikmg object lesson has been given as to how selection of coolie 
lines might favouiably influence the amount of hookwoim infection 

In conclusion I wish to e\piess my thanks to AY J Giay, Esq, of Ram- 
cheiia, J Haigh, Esq , of Sylee, Di E AI Rice and his successor Dr Lawrence 
Hunt of the Lungla Valley Tea Company foi the facilities and assistance they 
afforded to me in caiiying out this w'oik 
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Introduction 

In cauying out kula-azai tiansmission expeiiments the sandflies have been 
infected by feeding them on kala-azai patients, 01 infected hamsteis, usually 
the formei All the present wntei’s attempts to make sandflies of the species 
with which he has been woiking, namely P aigentipes, feed through a membrane 
have entirely failed No useful purpose would be served by repeating in detail 
the methods by which this was attempted, save to state that young rabbiPs 
skin, mouse’s skin and rabbit’s gut were used as membranes, a variety of fluids, 
all of them containing a generous admivtiue of blood coipuscles or hsemoglobin, 
were used, and a scheme by wdiich the blood was kept constantly moving and 
at 37 °C wdnle the flies were m a coolei atmosphere was devised With the 
methods described by Adlei and by Hu and Lee (1928) we had no success 
wliatsoevei 

For studying the behavioui of Leishmania donovani in the sandflies 
P aigentvpes 01 P papatasu, the sandflies could be fed upon infected patients, 
the patients are plentiful here and the feeding flies cause them little discomfort 
But for studying the behaviour of other species of leishmania oi other flagellates 
m these sandflies, 01 for studying the behaviour of any flagellate in the sandfly, 
P minutus, winch in oui expeiience will not feed on man under artificial 
conditions, it w'as necessary to intioduce some other means of feeding the flies 
The technique devised and desciibed by Her tig and Her tig (1927) seemed 
to oftei the best opportunity 

Then technique does not appeal to have been described anywhere in any 
detail, and fiom the desciiption guen in the above-quoted paper the present 
writer would have had consideiable difficult j in making the apparatus had 
he not also had an oppoitunitj of seeing a specimen of it at the 7th Congress 

( 699 ) 
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of the Fai Eastern Association oi Tiopical jMccliciiie in Calcutta (1927) It 
was found that ceitain modihcation both in the appaiatu^ and in tlie technique 
weie advisable Fuitheiinoie, ceitain detaiK in the technique ■which were 
entnely omitted fiom the oiigmatoi’s dc'^ciiption had to be supplied The 
piesent wiitci, theiefoie, feels that inoie niinute desciiption, both of the 
appaiatus and of the technique, might at some futuic time be of value to 
woikeis m this oi similai fields 

The appaiatus — By means ol this appaiatus sandflies can be made to 
ingest any fluid substance The two essential paits of the appaiatus aie the 
vice, by means of which the fly i-' held, and the fine capillaiN pipette wuth a 
naiiow^ apeitme which is passed ovci the pioboscis of the insect 

The vice — ^Thc vice m its siinplc''t loim consist> of a tjhndei of coik, 
1 6 cm m diametci and 3 cm long, which ha" been split longitudinally 
(Fig 1, A, v) A stiip of metal foil (Fig 1, A, s) with two shaip ends 
IS bent into the shape of v ‘V’ .ind the two points tliiu&t into the end 
of the coik oclindei, one end into each halt of the split cjhndei, in such a way 
that the metal foil acts as a spung keeping the two hahcs of the cchndei apait 
until the> aie appio\iniated b^ digital piessuie, the appaiatus thus constitutes 
a pan of foiceps with a flat coik end b> which the wings of the fly can be 
giipped The wdiolc cncumleience of the distal onc-thnd of the coik cyhndei 
IS then paied dowm so that when closed it fits tightly into a glass cyhndei 
(Fig 1, t) of 1 1 cm diametei finteinal) In actual piacticc it has been 
found moie satisfactoiy to make this vice out of coik and wmod, as sliowm in 
the illustiation, instead of coik alone The wood gives the necessaiy iigidity 
and stiength, wheieas the coik has sufficient elasticit) to pi event the wings 
of the fly being injuied, this does not in any way complicate the piepaiation 
of the vice, a small piece of coik sheeting is glued to each mnei suiface of the 
longitudinally split wmoden c} Imdei and the whole paied down to the necessaiy 
shape 

This glass cyhndei should be 3 cm long by 1 1 cm inteinal diametei with 
both ends giouncl, theie is no gieat disadvantage if one end is wielded, as slight 

nail owing of the diametei at one end wmuld not be a seiious inattei, but it is 

essential that this should not occui at both ends, and on the wdiole it is bettei 

to have both ends giound AA hen the coik cyhndei is tliiust into this tube the 

twm halves of the cvhndei aie held closely togethei, so that the fly is gupped 
aftei digital piessuie has been withdiawm (Fig 1, B) A coik ball (Fig 
1, cb) IS then piepaied which also fits exactly into this tube Along the axis 
of this ball a hole is made and the feeding pipette (Fig 1, fp) is tliiust 
thiough this The ball wuth the pipette aie now placed in the opposite opening 
of the glass tube The pipette should be held fiiinly in the ball, but the lattei 
should fit into the glass tube in such a way that the pipette, wdiilst fieely move- 
able 111 all cliiections, Avill leinain in the position in which it is placed 

The feeding pipette — The pipette should be about 6 cm long and less than 
1 inillimetie external diametei , one end is fused in a small Bunsen flame until 
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the opening is exactly the light size The pieparation of the pipettes is one 
of the most tedious parts of the whole piocedme Theie appears to be no 
short cut and the only method is to do it by trial and error First of all it is 
essential that the end of the tube be cut off absolutely square by the aid of 




A The separate parts of the apparatus 
5 folded metal foil forming a spring 
V cork and wood vice 
t glass tube 
cb cork ball 
jp feeding pipette 
pc pipette cover 

B The pai ts of the apparatus assembled 
C Gauge for measuring pipettes 


a tei} s'laip glass cuttei It is best to caiij out tins operation with the aid 
of a pail of magnifying bmoculais or a \\atch-makei 3 magnifying glass 
Gauge for standardizing pipettes— For the purpose of standardizing the 
pipettes the present wiitei had a small gauge (Fig 1, C) piepaied, this 
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consists of a tapeiing wne welded to a flat piece of biass with a scale also 
welded to the same piece of metal, paiallcl with it The mai kings on the scale 
aie puiely aibitiaiy, but the gauge of the wiic at each maikmg on the scale 
can be measuied by means of a miciometei and a table piepaied To measure 
the calibie of the opening, the ^\llc is passed gently into the pipette as far as 
it will go and a leading made at the point to uliich it i caches If the calibre 
IS too laige fuithei heating m the Bunsen flame is necessaiy, but if it is too 
small the end of the pipette imU have to be cut oft and anothei attempt made 
About 0 1 to 0 12 millimetic has been found the most satisfactoiy calibie for 
the feeding pipettes foi P aujentipes and P papatasii, and foi P minutus a 
slightly naiiowei calibie, but we have not found the exact size of the opening 
of the pipette a mattei of piimaiy importance 

Finally, anothei fine tube, 2 cm long with a calibie of 1 mm (Fig 1, pc) 
IS piepaied, and one end sealed, this is placed ovei the open end of the feeding 
pipette to ensuie absolute asepsis vliilst the pipette is being passed ovei the 
pioboscis of the insect 

The success of the opeiation depends veiy laigely on the accuiacy of the 
fitting of the coik ball, if this is too loose the pipette may move aftei it has 
been placed in position, and if it is too tight gieat difficulty vill be expeiienced 
m getting the pipette o^el the pioboscis of the flv and the pipettes will 
frequently get broken 

The opeiation — ^The opeiation can be divided into tliiee stages — 

(a) Fixing the fly m the vice 

(b) Passing the pipette ovei the proboscis of the fly 

(c) Adding the feeding fluid to the pipette 


(a) The ideal method would be foi each worker to cany out one step 
m the operation, but as this is not usually possible the best alternative is for 
one worker to prepare the flies in batches of about si\ at a time, that is to say, 
SIX flies are put each m a vice, then the dissecting microscope is brought into 
operation and the pipettes passed ovei the iiioboscis, and then the feeding 
fluid added to the six pipettes m one operation This was the method the 
present writer adopted, he found that he could feed about 12 flies in an hour 
on an average One or two flies are placed m an ordinary test-tube and a few 
drops of ether dropped on to the cotton plug, after a short interval the flies 
will become angesthetized and when all movements have ceased they are thrown 
out on to a clean sheet of paper The legs of the fly, which are usually 
stretched out and lying together, and seized by the rubber -tipped forceps m 
the right hand and with the vice in the left hand the wings of the fly are 
gripped m the extended positron in the vree (Fig 2, D) , the fly is held m 
such a way that it has free movement of its legs but the thorax is immobilized 


* These are made by placing two tnangulai pieces, 0*5 cm sides, cut fi om a sheet o 
rubbei (old motoi tyie, foi example) ovei the tips of a pan of shaip-pointed dissecting 
foi ceps 
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(Plate XLV, figs 1 and 2) The vice is then put into the glass tube ready for 
tne jie\t stage of the opeiation The impoitant points m this stage are to get 
the fly propel ly anaesthetized (it is difficult to ovei -anaesthetize with ether), 
and to avoid damaging the flies' legs by everting the slightest tension on them, 
it IS a good precaution to chalk the lubbei tips of the forceps to pi event the 
legs sticking to them Any active movement on the pait of the fly before it 
is properly fixed will almost inevitably lead to some damage being done, but 
once it IS fixed m the vice and the legs released, it seldom damages itself This 
step IS best carried out with the aid of binoculai magnifying glasses This is 
the most important and piobably the most difficult pait of the operation, as, 
if the fly IS piopeily fixed and the appaiatus is working fieely, the second step 
1 "' very simple 



(h) This step should be done undet a dissecting microscope If the 
proboscis IS pointing m the diiection of the long axis of the feeding pipette it 
IS often possible to pass the pipette ovei it m one movement, but, if the head 
IS too much flexed foi this to be done as is usually the case, the head should 
be extended by a stroking movement with the point of the pipette when the 
proboscis will often slip into the opening If the proboscis does not slip in 
easily the point of the pipette should be examined to see that it has not become 
blocked Usually both the stilettes and the labia pass into the pipette When 
m position the labia are apparently diawn up slightly by the fly We have 
not found it necesgaiy as stated by Hertig and Hertig (1929), oi even advan- 
tageous, to have the opening m the pipette so small that the labia are pre- 
vented from enteimg When the proboscis is once in it does not slip out very 
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leachly, and if pobsiblc it should bo mo\cd to that the pipctto foims an angle 
of 60° ^^lth the long axis of the body of the flj The appaiatus is now fixed 
into a tiaj of plasticine leadj loi the addition of the feeding fluid The head 
of the fly AVith the pioboscib in position inside the pipette is shoi\n in Plate 
XLV, fig 3 

(c) If this IS not done iinincdiatel) the appaiatus should be examined to 
see that the fly has not meanwhile slipped its pioboscis out of the feeding 
pipette as, once the fluid is added, it is almost impossible to get it into position 
again The fine tube coveiing the pipette is fiist leinoved by in\ citing the 
appaiatus and allowing it to fall oft, this is much "aiei than taking it off with 
the fingeis as the slightest picssiue on the fcethng pipette may move it and 
allow' the pioboscis to escape The appaiatus is then placed back in the 
plasticine tiay in a icitical position With the aid of an oidinaiy glass pipette 
and lubbei-teat a dioji of the feeding fluid is allowed to come in contact with 
the open end of the feeding jiiiiette, capillaij atti action aided by giavity will 
cause the feeding pipette to fill tliioughout its length Diiectly the fluid 
leaches its pioboscis the flj begins to iced If the fluid is colouied it can be 
seen passing along the msophagus thiough the scmi-tianspaient thoiax of the 
fly As the fluid passes into the midgut the whole abdomen sw'ells, in some 
instances becoming almost spheiital Out of each batch a few' flies will take 
a full meal in less than one minute, otheis will only take a paitial meal, how- 
evei long the> aie left, and yet otheis will not feed at all In some instances 
slight adjustment of the pipette will cause the fly, wdiich was pieviously not 
feeding to feed, but the usual expeiience is that it a fly does not feed imme- 
diately it wall not feed at all 

The size of the opening and the angle at wdiich the pipette is adjusted aie 
undoubtedly iinpoitant points, but the success of the opeiation does not depend 
entiiely on these, and theie appeal to be some flies wdiich will not feed how'- 
evei w'ell the pipette is adjusted 

Males as well as females can be led, but the abdomens of the foimei nevei 
become tumid and spheiical, when distended with blood they assume a sausage 
shape 

Aftei the fly has fed, the pipette is w'lthdiawm, the vice leinoved fiom the 
glass tube, and the fly diopped into a test-tube The pipette should not be 
left m position longei than necessaiy, as evapoiation of the feeding fluid may 
cause the pipette to adheie to the pioboscis and the head of the fly, so that 
the lattei is pulled off when the pipette is wuthdiawm 

The pipette should be washed out immediately undei a lunnmg tap with 
the naiiow' opening held towaids the stieam of w'atei It should then be placed 
m hydiochloiic acid wdiich should be heated gently, then into absolute alcohol 
and boiled, and finally boiled thoioughly m 2 oi 3 changes of distilled w'atei 
If these piecautions aie not taken the lumen is liable to become blocked 

Stenhzing — In oidei to ensuie steiihty, the wdiole ajipaiatus filled up 
leady foi use with the vice lemoved and leplaced by a cotton plug is placed 
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m a small test-tube and steiihzed in a hot aii steuUzei at about 120 °C foi 
ten minutes Caie sliould be taken not to heat it to a higher degree than this 
01 the coik ball will be spoilt 

Ptehminaiij feeding etpenments — ^At fiist foi the puipose of masteiing the 
technique the wiitei used a dilute solution of eosin as the feeding fluid, later, 
material obtained by spleen punctuie (fiom kala-azai patients) to which 
washed human blood corpuscles had been added, a numbei of successful feeds 
weie earned out mth this fluid, and in a numbei of instances the dissected 
sandfly sho\\ed flagellate foiras of leishmania in the midgut, but on the whole 
the moitahtj’’ late ivas high and the infection late w'as low It was not certain 
w'hat Avas the cause of this high moitahty, at fiist it was attiibuted to conta- 
mination of the material b} oil m which the spleen pimchne syiinge was 
steiihzed, but eien when diy oil-fiee siumges w’ere used the moitahty was 
still high, and maj have been due to impeifect fiagmentation of the spleen 
pulp, 01 to contamination of the mateiial whilst it was being ground up 

Results of feeding eipennients with cultuie matenal — ^The evpeiiments 
summarized below weie all done with leishmania cultuies, L donovam cultures 
fed to Phlebotomvs aigentipes — 



Males 

Females 

; Total 

Numbei put up foi feeding 

102 

254 

356 

Number feedmg, fuUj 

9 

104 

113 

„ „ partially 

71 1 

118 

189 

Total 

80 

222 

302 


With otliei species of sandfly and other cultuie matenal the feeding lesults 
weie much the same In the inteiests of bievity these sunimanes have not 
been included 


The length of tune of siii vwal aftei initial feed — In some instances when 
it was anticipated that the flies wmuld die overnight the> were killed and dis- 
sected, but the gieat majoiity weie allow'ed to die natuially and w'ere dissected 
veij soon aftei death This table must not, theiefoie, be consideied to indicate 
the natuial suivnal late 



Males 

j Females 

Totil numbei 

i 

i SO 

222 

Sunned 24 hours 

47 

156 

» 48 » 

29 

87 

» 72 „ i 

12 1 

50 

» 96 „ 

2 

09 

120 1 


15 

.. 144 „ 


7 


Total 


302 

203 

116 

62 

24 

15 

7 


Development of leishmania in the sandfly —At first on!} the condensation 
fluid fiom NNN tubes was used foi feeding the flies, but as it w'as found that 
deAelopment did not occui in the laige majoritj of instances w'ashed blood 
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coipusclcs weie added and mixed with tlic condensation fluid The figures 
quoted below aie based on the dH^ections of flies that had suivived at least 
48 houis, as the picsencc of flagellates at an eailiei date was not neccssaiily 
evidence that multiplication had oceuiicd 

L donovam in P aigentipc'^ — Ot 25 flics dissected 48 houis oi moie after 
the initial feed of condensation fluid alone, only one contained flagellates, 
wdieieas of 73 flies gi\cn condcii'^ation fluid plus washed coipu'-cles 47 contained 
flagellates Both males and females wcie infected 

L tiopica in P aigcntipc Ot 12 flic^ ted on condensation fluid, none 

contained any flagellates, wheicas ot 27 ted on a flagellate cultuie plus washed 
coipuscles, 17 contained flagellates 

L donovam in P mmutus (babu) — Of 24 flics fed on flagellate cultuie 
plus washed coipusclcs, none showed anj paiasitcs 

In addition a few" P paputasii w'cic ted upon cultuics of L donovam plus 
w’ashed coipuscles, m no case wcie any flagellates obseued, but the expeiiments 
w'eie too few" foi the obscivation to be considcied of any impoitance 

No paiticulai difleience w'as noted m the dcgiee of infection w"ith the tw"o 
difteient species of flagellate, it vaiicd coiisidciably m difteient individual flies 
Theie was usually a hea^y infection of the pioventiiculai end of the midgut, 
appealing to extend into the oesophagus, but m no instance w"as the diveiticuluni 
infected In a few" instances in which sections w"eie cut the oesophagus was 
seen to be blocked w"ith a plug of flagellates, but m no case w"as infection of the 
phaiynx noted, this is almost ceitamly because the flies did not live long 
enough foi the infection to tiavel so fai foiw"aid 

Conclusions 

The only conclusion that can be chaw'ii fiom these few" pielimmaiy obser- 
vations (which aie lepoited now" because the w"iitei is going on leave) aie — 
That in the absence of led blood coipuscles, little piolifeiation of eithei 
L donovam oi L tiopica occuis in the sandfly P aigentipes 

That both these species of leishmania develop equally well m this sandfly 
m the piesence of led blood cells 

That m the sandfly P imnutus {babu), L donovam does not pioliferate 
01 , at least, does not piolifeiate so leadily as m P aigentipes 

My thanks aie due to my assistants, Di C R Das Gupta and J\Ii S 
Mukeijee, foi assistance m bleeding and dissecting the flies w"hicli w"eie used 
m these expeiiments, also to Mi Woodhouse of the Suivey of India foi many 
valuable suggestions legaidmg the design of the appaiatus and foi piepaiing 
the coik and wood vices, the coik balls, and the gauge foi measuiing the 
pipettes 
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ExplwjlTion of Pl\te XLY 

Fig 1 A sandfl} , P ai genti'pes, in the vice with the pipette in position, ready 
foi the addition of the feeding fluid to be added In this piece 
of apparatus a window has been cut in the connecting tube m 
order to facilitate the taking of the photograph The proboscis 
of the fly can be seen quite cleaily lying within the lumen of the 
feeding pipette The e\cessive numbei of legs this fly has must 
be due to movement when the photogiaph ivas being taken 
, 2 A sandfly, P viinutiis, in the vice with the pipette in position 
„ 3 A ‘close-up’ of the head of a sandfly, P aigentvpes, with the 
proboscis lying in the lumen of the feeding pipette 
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Etor Since the discoveiy of complement Fixation Reaction by Bordet and 
Gengou (1901) and its application to the diagnosis of syphilis by Wasseimann 
and his colleagues (1907), an enormous amount of woik has been done upon it, 
with the geneial lesult of confiiming its value as an aid to diagnosis and 
a contiol in the tieatment of syphilis, yaws and lepiosy The difficulty 
of standaidizing the leagents on the one hand, and the technical difficulties 
associated with actually conducting it on the othei, have been such that many 
attempts have been made to leplace it by simplei methods, in which the 
intei acting substances aie i educed to ‘antigen,’ ‘seium’ and ‘electrolyte’ 
Numeious tests of this kind have been elaboiated such as the flocculation 
leactions of Meinicke, dOl?, 1918), Sachs-Geoigi (1918), Veines (1920), 
Dieyei and Ward (1921) and several otheis 

Recent literature Ins contained many articles on the value of a new 
precipitation leaction devised by R L Kahn 11925), and it appeals to be widely 
used in many of the Aineiican clinics The correlation of Kahn test with the 
classical Wasserraann leaction and its many modifications in the case of sjphihs, 
has been estimated by various voikeis A correlation as high as 97 6 per cent 
has been reached by Kahn (1924) ining Ins ‘standaid’ technique 

Influenced by such encom aging repoits, a senes of tests were earned out 
in duplicate — both the Kahn and the Wasseimann techniques being employed 
—with the object of deteimimng whether from a purely qualitative point of 
view there is any advantage to be gamed from the use of Kahn precipitation 
reaction as a method of diagnosing syphilis in lepers 

( 707 ) 
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As l;u as simplicity of pioccduic is concerned one could not wish foi a 
bettei test than Kahn’s latest modification of his test Antigen (consisting of 
an alcoholic extiact of becf-heait muscle emichcd with cholesterm) and ‘ Serum,’ 
aie mixed m ^alymg piopoitions and vigoiouslj shaken Aftei a shoit period 
of incubation, which is desuable but not essential, saline is added and leadings 
taken of the degree of piecipitation pioduced 

Test pi ope) 

Appai atus — 

1 Agglutination tubes — 7 5 cm in length and 1 c c diameter 

2 ‘Standaid’ tubes — foi mixing of intigcn and saline, 5 5 cm in length, 

1 5 cm diametei 

3 Pipettes — 1 cc giaduated in 0 01 cc 

2 c c „ in 0 001 c c 

10 c c „ in 0 1 c c 

4 Special lacks — Kahn himself uses the agglutination type of lacks but 

piovided yith thiee lows of holes instead of one Whcie only a 
dozen tests oi so have to be earned out, oidinaiy agglutination 
lacks vould sene the puipose 

5 A mechanical shakei is desuable but not necessaiy 

The actual test consists of adding 0 15 c c of patients seium (inactivated 
foi half an houi at 56'’ C ) to thiee agglutination tubes containing 0 05 cc, 
0 025 cc and 0 0125 cc of antigen-salme mixtuie which is piepaied as 
follows — ■ 

About 1 c c of cholesteiimzed antigen is mixed with 1 c c of saline (the 
exact amount is detei mined by a special titiation) as lapidly as possible and 
the mixtuie pouied back and foith six times, and allowed to stand foi ten 
minutes befoie using it in the test When leady, the lequisite amount is added 
to each of the thiee tubes 

The tubes aie then shaken piefeiably in a shaking machine foi two to 
thiee minutes and incubated m a watei-bath at 37°C foi 15 minutes Finally 
0 5 c c of saline is added to each tube and results recorded within 5 minutes 
on the basis of ±, -j-, d — h; d — I — k ancld — kd — k; depending on the degree of 
precipitation The final reading of the test is the ‘average’ of the degree of 
precipitation m the three tubes, i e , if the total numbei of pluses in the three 
tubes IS, say, 12 (or 11) the reaction is — (-d — k; 9 (oi 8) ^^e leaction is 
d — I — k> 6 (or 7) the reaction is d — k ^'^d so on A reaction of d — k oi more 
IS inter pi eted as positive, a -|- oi -t leaction as doubtful 

Wasseimann reaction employed foi correlating purposes was conducted 
according to ‘Method Numbei Foui ’ as described in the Medical Research 
Committee Report (1918) the only difference being that the sera were tested 
up to 8 minimum hsemolytic doses of complement instead of the usual five 
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Source of ar-VTEBi\L 

All the specimens of blood e\ammed ^\cie taken from patients admitted 
to the Lepei As^lum, Subathu (Simla Hills) A total of one bundled cases was 
examined 

Results muth AVxssebmxnn technique 

1 Total numbei of positive cases b}"- Wasseimann reaction 27 

(Details — Sixteen cases deviated 8 M H D of complement 
completely, five cases 5 IM H D and six cases 3 M H D 
completely ) 

A ‘single plus leaction’ is considered to be of sufficiently diagnostic 
impoitance to label the case as positive Complete hiemolvsis in all the tubes 
IS mteipieted as negative and paitial hsemolysis in the front row tubes, as 


doubtful 

2 Total number of negative cases by Wasseimann reaction 64 

3 Total numbei of cases deviating 3 M H D of complement 

incompletely 9 

Results with Kahn reaction 

(a) Total numbei of positive cases by Kahn reaction 32 

(Details — ^Nineteen cases showed a quadruple plus reaction, 

nine cases a treble plus and foui cases a double plus ) 

(b) Total numbei of negative cases by Kahn reaction 58 

(c) Total numbei of cases showing a single plus reaction 4 

(d) Total numbei of cases showing a plus minus Kahn reaction 6 


Table 

Companson of Wasseimann and Kahn leactions 




1 Wasseimann test 

Kahn test 

Negatn e 


1 64 

58 

Doubtful 


9 

6 


Single plus reaction 

6 

4 

Positive 

Double plus reaction 

5 

4 


Treble plus reaction 

Quadruple plus reaction 

16 1 

9 

19 


Conclusions 

The value of the piecipitation reaction of Kahn was studied in specimens 
of blood from one hundred leprosy cases m comparison with the Wassermann 
test There vas absolute agieement in 90 per cent of cases 

J, MB 
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Soolofjical Biag)iosis of SiJV^nii^ i>f Lrpos 

2 The test IS faiily simple and biief It coinpuics moie than favouiably 
with the AVasseimann leaction as judged fioni a cpialitative point of view It 
IS of special help in cases wheie lapid icsults aie desiied but it needs a little 
piactice to lead the extents of piecipitation coiicctlv AVasseimann results 
aie compaiatively much moie easy to lead Witli Kahn’s leaction, howevei, 
in a ceitam niimbei of cases it is cxticmelv difiicult to difleientiatc between the 
negative, doubtful and a single plii'^ icaction 

3 The ciucstion aiises wliethci Icpiosy po se gi\cs a positive Wasseiraann 
leaction The modem concensus of opinion (Lloyd, 1927) is that unless 
syphilitic infection is piesent in addition, a positi\e leaction is an exception 
rathei than the lule 

^Ye aie highly indebted to iMi O II Watson, Supei mtendent, Lepei 
Asylum, Subathu, foi his \ei\ kindh supphing us with seia of leprosy 
patients, and to ISIajoi J A Smton, v c , o b r , i m s , foi his kind advice and! 
ciiticism 


Bordet, and Gcngou (1911) 
Meinicke (1917 and 1918) 
Sachs-Georoi (1918) 
Dreyer, and Ward (1921) 
Vernes (1920) 

KAH^ (1925) 

Lloid (1929) 
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EXPBEIi\[ENTS IN DOSAGE OP CARBOLIZED ANTI-RABIC 

VACCINE 


BY 

Lieut -Colonel J TAYLOR, dso, "md, dph, ims, 

AND 

Sub-Assistant Surgeon K N MENON 
F}om the Pasteta Inshtute of Bwma 

[Received for publication, July 5, 1930] 


The piesent senes of expeiiments was designed to test the immunizing 
value of caibolized anti-iabic taccine m lelation to the dosage of fixed virus 
biain administeied 

The vaccine used va^; the standaid Indian one per cent fixed viius brain 
emulsion vnth 0 5 pei cent caibolic acid, alteied in ceitain cases by filtiation, 
pieliininai'v ethei extinction, oi othei tieatment Rabbits weie used foi the 
tests and the immunizing couise given consisted in each case of fouiteen daily 
injections of tlie dose stated The doses given weie the equivalent human 
doses of the standaid Indian couise in piopoition to weight oi multiples of 
these amounts The test infection aftei the completion of tieatment was by 
coineal scaiifi cation and the application of a thick emulsion of first passage 
sheet vnus 


Experhient No 1 (Table I) 

Foitj labbits veie used divided into foui gioups of ten each 
The following immunizing tieatments neie given — 

Gioup No 1 Conti ols Not immunized 
„ No 2 Equnalent human dose of one pei cent caibolized vaccine 
„ No 3 Five times above dose 
„ No 4 Ten times above dose 

Infection by coineal scaiification was earned out eleven daj's after the 
completion of tieatment 
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Expe) uncut Tests of Ccutwlized Anti-Rahic Vaccine 


The le&ults aic sunimanzcd a*? follows — 


Group 

j Orifiin il 
miiubci 

1 

Item limn*' 
foi te-^t 

Died of 
rabies 

Died 

otherwise 

Survived 

1 

No 1 1 

10 

10 

9 

1 


No 2 

10 

10 

5 


5 

No 3 

10 

9 

1 

1 

4 

No 4 

10 

S 


2 

6 


Of the two labbits in Gioup No 4 which arc shown as 'died otherwise/ 
both died on the 5Sth day aftei infection One showed no Negii bodies and 
sub-passage was negative The biain of the othei was decomposed, the labbit 
having died ovei night 

The lesults show an inci cased piotcction in the gioiip icceiving the highest 
dosage 

Experiment No 2 (Tvble II) 


Foiii gioiips of ten labbits each wcie 
employed in the case of Gioiip Nos 3 and 
immunizing doses given weie — 


used in this senes, the 


4 being modified as stated 


vaccine 
The 


Gioup No 
„ No 


No 3 


No 4 


Conti ols Not immunized 

Five times the equivalent human dose of one pei cent 
caibolized vaccine 

The same dose of the same vaccine aftei filtiation thiough 
Chaidin filtei papei 

Five times the equivalent human dose of a vaccine pie- 
paied bj’- giinding fixed viius biain wnth steule sand, 
ti eating wntli nine pei cent saline, diluting to 0 9 pei 
cent saline and filtei mg thiough Chaidin filtei papei 
The emulsion befoie filtiation contained one pei cent 


of 


oiiginal biam substance 


The method of piepaiing the vaccine used foi Gioup No 4 w'as based on 
the pioceduie adopted by Hindle m legaid to emulsions of spleen of Macacus 
monkeys infected ivitli yellow fevei viius This was tiied w'lth the object of 
dissociating the viius fiom the biain substance 

The infecting dose was given ten days after the completion of tieatment 
The results aie summaiized as follows — 


Group 

Ongmil 

number 

Remaining 
for test 

Died of 
rabies 

Died 

othenvise 

Survived 

No 1 

10 

10 

10 



No 2 

10 

10 , 

4 

1 

5 

No 3 

10 1 

10 

8 


2 

No 4 

10 

10 

9 


I 1 











713 


J Taylo) and K N Menon 


The labbit m Gioup No 2 shown as 'died otheiwise ’ died 45 days after 
infection Sub-passage w?as negative 

The total solids in the vaccines used when diied at 105®C gave the follow- 


ing peicentages — 

Gioup No 2 ^accme 1 Ob pei cent 

„ No 3 „ 0 93 „ „ 

„ No 4 „ 0 96 „ „ 

The vaccines used foi these gioups contained 0 85 pei cent, 0 85 pel cent 
and 0 875 pei cent NaCl lespectively, the deduction of which leaves the follow- 
ing peicentages of diied brain substance m each — 

Gioup No 2 vaccine 0 21 pei cent 

„ No 3 0 08 „ „ 

No 4 „ 0 085 „ „ 


We have found that the aveiage peicentage of diied solids in labbits biain 
IS approMmately 21 pei cent so that these vaccines would coirespond to one 
per cent, 0 381 pei cent and 0 405 pei cent of oiiginal brain substance 
respectively 

The results of the e\perinient show that the removal of brain substance 
by filtration greatly reduces the immunizing value of the vaccine The special 
tieatment of the vaccine used foi Group No 4 did not result in any increase 
of antigenic value 


Experiment No 3 (TABtiE III) 

This e\peiiment w'as designed to sliow the effect of higli dosage and also 
of pielimmaiy ethei tieatment of fixed viius biain befoie pieparation of the 
carbohzed vaccine 

Fifty rabbits m five groups of ten each leceived the following immunizing 
treatments — 

Group No 1 Controls Not immunized 

„ No 2 Equivalent human dose of one pei cent caibolized vaccine 

„ No 3 Five times above dose 

„ No 4 Equivalent human dose of a vaccine prepaied from the 

same fixed virus brain as used foi Group Nos 2 and 3 
The brain substance used was broken into small por- 
tions and immeised m ethei for 72 hours A earbo- 
lized vaccine was then prepaied in the usual manner 
containing the equivalent of one per cent original 
biam 

„ No 5 Five times the equivalent human dose of the same vaccme 
as used for Group No 4 

Infection by coineal scaiification was earned out ten days after comple- 
tion of tieatment 
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The iGbultb aic summaiiiicd as follows — 


Gioup 

I 

Oiiginiil 

nuinbei 

I 

Rein iiiun}; 
foi tCbt 

1 

Died of 
rabicij 

1 

Died 

otherwibe 

1 

1 Siuvived 

No 1 

10 

10 

10 

i 


No 2 

10 

9 

8 


1 1 

No 3 

10 

10 

5 


5 

No 1 

10 

10 

10 



No 5 

10 

10 

3 

1 

6 


The labbit showni as ‘ died olheiwi&e’ died se\en days aftei infection and 
sub-passage wms negative 

In this senes no piotection was shown b-v the use ol the equivalent human 
dose ol one pei cent caiboh/cd vaccine pieiiaied with 01 without piehininaiy 
ethei tieatinent With hvc tunes the ciiuualent human dosC a 50 pei cent 
piotection was obtained with the oidinaij Aaecine, and a soniewdiat higliei 
piotection wuth the ethci-tieated vaccine The dittcience is piobably not 
significant 

The leinoval of ethei -soluble mateiial did not lessen the antigenic value 
of the vaccine 


Experiment No 1 

In this expciiment tliiee gioups ol ton labbits each leccned coineal infec- 
tion wutli fiist passage stiect viius and immunuation wms commenced on the 
following day The gioups wmie — 

Gioup No 1 Conti ols 

„ No 2 Equivalent human dose oi one pei cent caibohzed vaccine 

„ No 3 Five times above dose 

Theie weie no suivivois This coiiesponds with Cunningham and Malones 
finding that labbits are unsuitable foi post-mfection immunization expeiiments 

Comment 

This senes of expeiiments which was limited to 160 labbits on account 
of the shoitage of animals gives ceitam indications with legaid to the value of 
some of the factois concerned in anti-iabic immunization with caibohzed viius 
Cunningham and Malone (1930) have found that, m the piopoitionate dosage 
used, ethei ized vaccine given by a modification of x^hvisatos’ method was 
supeiioi to the caibohzed vaccine, but the total amount of fixed viius brain 
given by the Ahvisatos’ method was seveial times gieatei than the dosage of 
caibohzed vaccine in then expeiiments In the piesent senes inci eased dosage 
of caibohzed vaccine has been tned and, although the total figuies aie small, 
theie IS a definite indication that higliei dosage than that equivalent to the 
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standaid immunizing course used foi human beings in India will result in a 
liigliei degiee of piotectioii being obtained Expeiiments Nos 2 and 3 show 
that the lemoval of biain substance fiom the \accine by filtration through 
filter paper results in a great reduction in antigenic value The vaccines used 
for these expeiiments had been stored in the lefiigeiatoi for five weeks before 
use Attempts to break up the brain substance so as to obtain a higher 
proportion of antigenic substances after filtration did not appear to have been 
successful The removal of ether -soluble mateiial by preliminary immersion 
in ether for 72 hours did not appear to affect the immunizing value of the 
^acclne Post-infection immunization expeiiments nith rabbits were unsuc- 
cessful, all animals dying This confirms the finding of Cunningham and 
Malone at Kasauli that these animals aie unsuitable for this type of experi- 
ment It should be noted that, in some instances, protection of rabbits against 
post-immunization infection by the method used was obtained with the 
equivalent human dosage of caibohzed vaccine, which accoiding to the above 
quoted authors has ne\ei been the expeiience at Kasauli In the present senes, 
and m pienous work carried out in Rangoon (Glostei, Taylor and Menon, 1926), 
this dosage has resulted in a protection varying from 80 per cent to nil with 100 
per cent moitahty of controls These results suggest that there is a consider- 
able difieience m the virulence of street viruses obtained even in one locality 
Cunningham and Malone have expressed then opinion that differences in 
vuulence exist m different parts of India and support this by reference to the 
results of treatment at various centres Oui experimental results would suggest 
a low virulence as being the rule m Biuma and the statistical results of treat- 
ment m Rangoon as compared with institutes in India support this view 

CONCLUSIO^S 

The short senes of experiments detailed slioivs that — 

(1) a dosage of caibohzed vaccine considerably in excess of the equivalent 

human dose of the standaid treatment results in improvement in 

the protection obtained m the case of labbits, 

(2) the lemoval of brain substance from the vaccine by filtration greatly 

reduces its immunizing value, 

(3) the piehminaiy ex-traction of ether-soluble material from the fixed 

viius brain does not affect the value of the vaccine 

Indications of difference of virulence of street virus strains shown by 
protection expeiiments aie commented on 
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Fnc tunes the equi- 
valent human dose of 
the same one pei cent 
caibolized vaccine 

aftei filtiation tluough 
Chaidin filtei papoi 
li dsulj mjctlions 

Five times the equi- 
valent human dose of 
a one pel cent caibo 
lized V accine made by 
grinding lived vuus | 
biain with sand, ti eat- 
ing with mne pei cent 
saline, dilution to j 
O'O pel cent saline and 
filtering 

14 dailv injections 
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1,100 
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1,200 
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A NOTE ON CERCARIA ANOMALA EAO 


BY 

Lieut -Colonel R B SEYMOUR SEWELL, ma, scd, rzs, fls, 

EASE, IMS, 

Bvectoi, Zoological Survey of India, Calcutta 
[Receued for publication, July 9, 1930] 

Cercana anomala was described by Rao (1929) in a paper published m 
the Scientific Papeis of the Civil Veteimaiy Department, Madias Theie is 
no doubt that Rao has discoveied a hitherto unknown species of ceicaiia, and, 
moreover, one that piesents seveial chaiaeters of peculiar interest Mi Rao 
has been kind enough to send to me for examination stained and mounted 
specimens of this species, part of the material on which his account is based, 
and a study of this mateiial has enabled me to confirm the oiiginal desciiption 
and to add a few details 

Rao has desciibed the rous of minute spines on the protrusible penetrating 
oigan, but in addition to tliese theie are also several rows of very minute spines 
on the anteiioi legion of the body, as shown in the Text-figuie below 

In his account of the genital sjstem Rao only mentions the small though 
very distinct mass of cells situated between the acetabulum and the anterior 
wall of the excieton bladder, in addition to this mass of small cells there can 
be seen in the stained specimens a lound mass of small but deeply stained 
cells situated in the middle line between the anterior margin of the acetabulum 
and the posterioi end of the penetrating oigan This latter mass probably 
repiesents the rudiment of the genital aperture Extending outwaids from the 
middle line and situated on either side of the body from the level of the pene- 
tnting organ in front to the level of the genital ladiment and the anterior 
maigin of the excietorj’- bladdei is a somewhat diffuse and irregular collection 
of cells that may lepresent the ludiment of the vitelhne glands If this be so, 
the stiucture of the complete genital system in this species would appear to be 
leij similai in its general type to that described by Piatt (1919) m Cercana 
fusca, one of the ceicaiise belonging to the Cystoceicous group in which the 
tail-stem is enormously dilated 
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At fiist sight one A\ould, on account of the pccuhantic^ of the tail-stem and 
fuical laini, be inclined to icfci Cocaua anomala Rao to the ‘Miiabihs’ 
gioup of the Cystocei coils ceicaiuc Ivule Sewell, 1922, p 295) The vaiious 
species that ha\e been giouped togcthei in this subdivision can be sepaiated 
into tw’^o seiies accouhng to the lelationships of the di&tome body and the tail- 
stem In the fiist division may be placed those &]iecies in which the distome 
body IS enclosed W’lthin the antciioi pait of the tail-stem, to this dni^ion belong 



Te\t-figuie — Ceicaiia anomala Rio 

ap Anterior penetrating organ, d Salivary ducts, n Cential neivous mass, ov Ovaiy, 
sg Salivary gland cells, v Vagina, t/ Vittehne follicles, vs Acetabulum 

Ceicana mnabihs Biaun (1891), Ceicana longhtii Waul (1917), Ceicana 
anchoioides Waid (1917), and Ceicana maci ostoma Faust (1918) 

In the second division the tail-stem is gieatly dilated but the distome body 
is not included within the anteiioi legion of it and projects fieely m fiont of it, 
as in the normal form of the ceicaiiie To this division, belong Ceicanai 
biookoven Faust (1918), Cercana stephanocauda Faust (1921o), Ceicana 
pekinensis Faust (19216) and Ceicana fusca Piatt (1919) 

It IS to this latter division that the present species would, if we w^eie to 
judge by the character of its tail-stem and the aiiangement of its genita 
system, appear to approximate In all these latter forms the ceicaine arise 
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from sac-hke oi elongate spoiooysts and possess large and distended tails that 
tciminate in a pan of shoit furcal lami, while anteriorly there is either a 
definite collar-hke expansion of the tail-stem or a series of transverse ridges, 
constituting a collai -region, the caudal excretory canal is wide and after, 
traieising the whole length of the stem divides into two branches that enter 
the lami and in the case of Ceiccmo pchinctisis Faust, Cbtccliiu juscd Pratt, 
and Ceicana stephanocauda Faust, and probably Ceicana hrookoven Faust 
also, terminate through small apeituies at the extreme tip In all these respects 
Ceicana anomala Rao shons agieement, but it diffeis in other important 
characters 

All the above mentioned members of the second gioup of the Cystocercous 
cei cause agiee in the possession of a definite oral suckei, a well-developed 
phaiynx and large intestinal csca that extend back to the posterior end of the 
bodv In two of the species the excretoiy system has been worked out and it 
IS probable that all true members of the group possess a system like that of 
Cercana pekinensis Faust in which the main excietory tube passes forwards 
on either side of the body, receiving accessoiy tubules on its way, as far as the 
level of the oial suckei and then tuins back and runs thiough the body again 
to teiminate m the bladdei This type of excretory system is very different 
from that found m Ceicana anomala Rao To which family of the Trematodes 
the adults of this group of the Cystocercous cercariae belong is not certainly 
knov\n, Faust (1918, p 152) has stated that the genitalia in one of the species 
examined, Ceicana macrostoma, ‘quite definitely relate the group to the 
Allocreadiidse ’ and Pratt has followed Faust’s lead On the other hand Braun 
believes that m Ins species the stiucture reveals a relationship to the 
Fuicocercous ceicarise and thus to the Schistosomatidse or the Holostomes It 
must, in this connection, be borne in mind that the Cystocercous condition of 
the tail-stem maj be an example of conv'eigence 

A somenhat similar enlargement of the tail-stem has been described in 
Ceicana Teigestice haswelli, that was originally described by Haswell (1902), 
nlio, lion ever, did not give the form a name, and was subsequently named by 
Dollfus (1927), who also briefly describes and names a second form, Cercana 
Icnti, that had prevuously been recorded by Saville Kent, who, however, mis- 
took it for the ‘ larva of an Echmorhynchus ’ Unfortunately, too little is known 
of the structure of these two forms to enable one to place them in any of the 
lecogmzed groups of cercariiE or to found a new group for them Both are 
appaiently larval stages in the life-histoiy of a species of Tergestia {vide 
Odhnei, 1911, p 529) and thus belong to the sub-family Steringophorinm of the 
family Steringophoridffi 

The internal structure of Cercana anomala Rao differs in several funda- 
mental particulars from any of the above-mentioned forms The anterior region 
I- occupied, not by an oral sucker but by a definite penetrating organ armed 
nith a group of anteriorlj directed spines, at or near the base of which the 
duets of the penetrating gland cells open There is no pharynx and the 
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.i Note OH C* .nioni.il.i [too 


co'^ophagus tolnun.lk'^ in a -nuill bulbous dilatation antciioi to the ventral 
suckoi and ib not continued back .is intcstin.il t.ei.i Fin.ilk, .i btudy of the 
excietoiv ‘-^stoIn shows that it conloinis to the tjpe picscnt in ceitain Fuico- 
cei coils coitaii.i' ^^hth the exception ot tiie cNstii enl.iigeinent of tlie tail, 
the stuictine of this species .igiccb closch with th.it of ceit.im of the Fuicocei- 
cous ceicaii.e <ind p.iiticul.iih with those ol tlie .Si histosoine seiicb A very 
<510111.11 onlaigeinent of the tul legioii h.is been leioided by Millei (1927) in 
ceitain othei Fuicoceicous leic.iii.e, n.iineh , Coimm bnlboianda and Ceicana 
abswda, though in these tw’o instances tlie c^btu cnlaigement is confined to 
the po<5teiioi legion and is not unifoim tluoughout the whole length ot the tail- 
stem A study of the excietoiy system of these two I.ittei lorins shows, liow- 
evei, that although the^ , like Ccuaiui anoinala K.io, belong to the Fuicoceicous 
seiies, they must be placed in difteient divisions Coicuia (inomcda Kao clearly 
belongs to the .iphaiyngeal bievifuuate distome gioiiji, whcic.is Ceicaiia bid- 
bocaxida Alillei and Ceicana absuida ^Millei .ue phaiMigc.il longifuicate foinis 
and aie, in all piobabilit-\ , membeis of the llolostome sciics 

It would thus appeal that tlicie .iie .it least loin gioups of ceic.aiiiB in 
w'hich this c\stic enlaigcinent of the tail-stem has been independently developed 
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REPORT NO VII 

BERHAMPORE, vizagapatam and bezwada, in the northern 
AND EASTERN PARTS OF THE PRESIDENCY 

(The Report for Nellore m Report No IV published in the Indian Journal 
of Medical Beseai ch foi April 1930 can with advantage be grouped with these ) 

(a) Berhampoee * (September-October 1929 ) 

Berhampoke, a municipal town, is the headquarters of the Gan] am district, 
the northernmost district in the Madras Presidency It is situated on the main 
railway line from Madias to Calcutta The town with an extent of about six 
square miles is divided into three important areas intercepted by a series of 
large tanks which are used for agiicultural purposes These are — 

(1) Bapur forming the eastern third of the town, inhabited mainly by 
the more well-to-do classes, (2) Berhampore proper or old Berhampore, which 
forms the western half of the town and is inhabited by the older class of 
residents who are mostly Ooriya agriculturists and weavers, and (3) Bijjapur, 
a small hamlet of shepherds and labour eis which is more or less wedged in 
between Bapur and Berhampore 

Population — ^The population according to the census of 1921 is 32,731 


J, AIR 


♦This place was surveyed by Dr D S Mankikar 
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A Rat-Flea Sitiaeij 0/ the illachas Ft esidencij 


Housing and sanitation — ^Tlic to^\n is licmmcd m on all sides by rice fields 
and vegetable gaidcns In Bijjapui and its subuibs one finds only mud huts 
with thatched loofs Mitli lofts foi stoiing coin and hay whicli thus afford ideal 
shelteis foi biecding lats In Bapui and Bcihiunpoie, liouevei, there are better 
class houses though tliesc, vitli few exceptions, do not by any means compare 
favourably with the foinici except in the luattei of stiuclural design The 
houses eveiy where aie daik and ill- ventilated Tlie le\cl of the subsoil water 
being veiy high, the houses usually aie vci\ damp Theie is no drainage 
system of any land and sanitation is very pooi 

Climate and lainjall — The climate is gcneiallv hot and humid It was 
particulaily damp at the time of tiie survey 
The aveingc annual lainfall is 50 incJica 
Pei rod of suivey-15tli Septembei to 6th October, 1929 
Mean dry bulb temperature 8 \m 80 6° Fain / 

„ w'et bulb tempeiatuie 8 vxt 78 8° Fahi 
„ relative humidity 8 am 94 0 pei cent 
„ satuiation deficioncj 8 vm 0 06 inches 
Plague — There is no histoiy of plague having occuired in any torm in me 
town 

Impoits and eipoits — Padd^ is the chief crop of the distiict and this and 
rice aie exported in huge quantities to Yizagapatain Green gram and horse 
gram come from the suiiounding villages for export to the southern districts 
Gingelly seed is mainly exported to Rangoon 

As legal ds impoits, dhal, wheat, giain and peas come chiefly from Cawn- 
poie and Nagpui which are plague-infected areas Miscellaneous articles come 
fiom Calcutta An additional souice of infection is the letiun of labourers 
from Rangoon wdieie tempoiaiy employment is usually obtained 
Rodents — ^Details are given in Table I 

Of the 397 lodents trapped dming the survey, only five weie B noivegicus 
(3 d and 2 9) the lest weie R lattus Both varieties, the white-bellied and 
the brown-bellied were found, the lattei piecloniinating-72 5 per cent The 
percentage of female lats was laigei than that of the males From the table 
it will be seen that the density of lats wms not only high in the bazaars but 
also in the lesidential subuibs of Bijjapui, viz, in Comapalli and Goyilandi 
which are almost exclusively inhabited by lyots The high rat density here 
can easily be explained by then huts being used moie 01 less as granaries 
All the lats trapped weie autopsied and spleen smears examined for the presence 
,of B pestis All were negative 

Fleas — ^Details aie given in Table I 

The general flea index varied from 3 6 to 5 68 The astia index was 
comparatively low in all localities and varied from 0 96 to 2 26 The cheopis 
index on the other hand was high and vaiied fiom 1 33 to 5 68 This inaximum 
was reached in Comapalli and Goyilandi where no other lat fleas were obtaine 
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730 A Rat-Flea Smveii of the Hladuis Ptesidencij 

Su^r^r 

(1) Thice hunched and ninety-^cvcn indents weic tiapped of which 392 
wcic R lattus and & R iioincf/nns 

(2) Out of 1,833 fleas examined, 382 oi 20 8 pci cent were X astui and 
1,451 01 79 2 pel cent wcic X cheopis Thua X chcopis is the piedoramating 
flea of Beihaiupoic 

(3) It IS evident that the conditions as legnids den'-ity of lats and of 
cheopis aie suitable foi the piopagation of plague Aa the climatic conditions 
too aie not unfavouiable, no conclude that theie h .i giaie danger of a severe 
plague epidemic should infection once be mtioduccd Hon an epidemic has 
been escaped so fai is not undeistood, unlc-s cheopii> infection was much less 
in the past In one nay this pievioua absence of plague is an added danger 
since the lat population must be Acn su'^ccptible to it We suggest to the 
local health authoiitics that it nould bo wise to take steps now to deal with 
the situation befoie plague ai lives 

(b) Vizvg^pvtvm *■ (Octobei-Novcmbei 1929 ) 

Vizagapatam, a municipal town, is the headquaiteis of the district of the 
same name It is two miles distant fiom Waltaii on the mam lailway line 
running noith-east fiom Madias to Calcutta A bianch line connects lYaltaii 
with Vizagapatam station, but the tonn piopei is almost cciuidistant fiom 
both It IS a using scapoit and an extensive haiboui is now undei consti no- 
tion The towm has an aiea of about six squaic miles and a population, 
accoiding to the census of 1921, of 44,711 

Sanitation and housing — The houses aie of the usual south Indian 
pattern, mostly tiled, wnth the exception ol a few teiiaced ones Most of the 
houses aie in contiguity fiom side to side They have no ceilings and aie daik 
and ill- ventilated Scatteied heie and theie aie gioups, laige and small, of 
mud huts with thatched loofs of palmy i a leaves An attempt has been made 
at drainage, but as the giound is uneven sewmge collects neai houses Sanita- 
tion, except on the Beach Road, is veiy pooi 

Climate — The mean monthly tempeiatuie at 8 am m 1929 vaiied fiom 
73°F in Januaiy to 88°F in May The aveiage annual lamfall is 40 inches 

Peiiod of suivey-7th Octobei to 8th Novembei, 1929 

Mean diy bulb tempeiatuie at 8 am 78 8° Fain 
„ wet bulb tempeiatuie at 8 am 73 4° Fain 
„ relative humidity at 8 a m 76 pei cent 

„ satuiation deflciency at 8 am 0 24 inches 

Plague — Theie was one epidemic of plague in Vizagapatam duimg 1917-18 
It bioke out on 17th Novembei, 1927, and continued in a lather seveie foim ti 
the end of June 1918 The beginning of the epidemic was tiaced to an impoite 
case, the fiist attack occuiiing in a passengei fiom Rangoon in Chengalraopet a 


•'‘This place was surveyed by Di D S Mankikar 
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^aid, whence it spiead to othei paits of the town Theie w^eie altogether 500 
deaths duiing the epidemic The towm has been fiee fiom plague smce then 
Tiade — ^Tiade wuth Vizagapatam is both by sea and land At present 
ships he at anchoi some miles aw’-ay and the caigo is landed with the help of 
hghteis Qua\s foi ships to mooi alongside aie, however, under construction 
When the haiboui is completed, Vizagapatam will serve as a seaport not only 
for the East Coast but also foi its hmteiland-the United Provmces and 
Central Piovinces-which export wheat, cotton and cotton seed Rice and paddy 
are mainly imported by rail fiom the Ganjam district Gieen gram comes 
from Kajipet m the Nizam’s Dominions and giam and dhal from Bengal 
hlyiobalans, gioundnuts and gall-nuts from the smiounding districts, a small 
quantit} of gunny bags from Calcutta and linseed and manganese ore from 
the Central Piovinces are at present shipped to Em ope fiom Vizagapatam 
jMachmery and oils are the only imports by sea 
Rodents — Details are given in Table II 

For the pmposes of the smvey lats weie tiapped fiom the bazaar which 
IS on the mam road, and from the diflferent wards, giain godowms and a small 
village m Waltaii w'ard inhabited by ijots In all 435 R rattus, 7 bandicoots 
and 1 musk lat were tiapped All tluee varieties of R lattixs weie present, 
the biowm-bellied predommatmg-87 per cent 

It will be seen that the bazaai show's a veiy high rat density of 100, next 
come the groundnut and gram godowns w'lth densities of 88 and 83 respectively 
A high rat density of 75 also obtains in the huts of the ryots of the uplands 
village as these people usualh store giain As usual the propoition of female 
rats was greater than that of males All the rats tiapped were autopsied 
Their spleen smears were negative foi B 'pestis 
Fleas — ^Details are given in Table 11 

The bazaar and godowns showed as usual high genera’ and specific flea 
indices In all localities both astia and cheopis were obtained, except in the 
small village at Waltaii waul wheie onlj cheopis w'lth a high index of 4 05 
w'as obtained Amongst the fleas examined one female X cheopis with two 
spermathecse w'as seen The percentage of female astia was found to be larger 
than that of the males, whereas the peicentage of female cheopis was smaller 
than that of the males 

Some mterestmg results w'ere obtained at godowns storing rice and other 
grains compared with those storing gioundnuts, myiobalans, etc An attempt 
was made to trap loose fleas from the«e godowns Rats were anesthetized and 
all fleas fiom them removed by carefully searching their fur When they were 
thus completely ‘ de-fleaed,’ they were tiansfeired m pairs to traps previously 
washed and dried m the sun and at once covered w'lth cloth bags These 
covered tiaps were taken to the godowns in the eienings, the covers removed 
and the entiances to the trap blocked to preient the ingress of other rats The 
traps weie brought to the laboratory in the usual way the next morning and 
fleas collected and examined Table III summarizes and compares the rat 
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densities, the general and specific flea indices and the ‘ loose-flea ’ indices of 
these godowns 

Though the traps set weie few, yet the difference m the results is strikiilg 
As IS seen, the pioportion of loose cheopis to loose astia in the rice godowns is 
very much higher than the pioportion in the gioundnut godowns As has been 
pointed out the giam godowns stock iice and paddy from Berhampore, a 
highly c/ieopis-infected aiea, and green gram fiom the Nizam’s Dommions-an 
endemic centre of plague The groundnuts and myiobalans, on the othei hand, 
come to Vizagapatam fiom suiiounding villages and districts 

SUMMARI 

(1) Four hundred and foity -three rodents were trapped, out of which 435 
were R mttus, 7 bandicoots and 1 musk-rat 

(21 Out of 2,408 fleas examined, 37 5 pei cent were X astia and 62 5 per 
cent were X cheopis X cheopis is the predominating flea of Vizagapatam 

(3) The relative pioportion of cheopis and astia in godowns suggest that 
cheopis IS being imported by rail with rice and other grams from the north and 
west 

(4) The increasing trade of Vizagapatam and its developmg trade with 
plague-infected areas like the United and Central Provinces, with its own 
insanitary conditions as regards lat and cheopis infestation all imply danger 
not only to itself but also to the towns and ports m communication with it 

(c) Bezwxda ^ (November -December 1929 ) 

Bezwada, a municipal town in the Kistna district, lies on the banks of the 
Kistna River and presents a picturesque appearance with its canals laden with 
country boats and barges It is an important railway junction for passenger 
and gram traffic It communicates with Masulipatam on the east coast, with 
the Nizam’s Dominions and Bombay Presidency on its north-west, with 
Calcutta in the north-east and Madias m the south 

Population — The population according to the census of 1921 is 44,159 

Housing and sanitation — ^The town is generally congested except in the 
extensions where the public offices and Government and other bungalows are 
situated The houses are mostly contiguous and with a few exceptions are 
dark and ill-ventilated and afford ample shelter for breeding rats Sanitation 
IS pool 

Climate —The climate is generally very hot and dry and in the summer 
months the temperature uses to somewhere between 115°F-120°F Towards 
the end of the year, hovevei, it is generally cool and pleasant The average 
annual rainfall is 37 inches ^ 


♦This place was surveied by Dr D S ManLikar 
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A Rat-Flea Sinveij of the Mad) as P)e&idency 



Percentage female lats 55 s Pcrccnldge fern ilo asLiu 567 

Percentage pregnant females to total females 19*0 Peicenluge ns/?n 99 IJ 

Average number of fcetuses 49 Peicentagc female chcopii, 47 8 

Replemshment rate for 100 rats per day 3 3 Peicentagc chcoins Less than 1 pei cent 

* These include 181 Ji no? vcgicus and 4 bandicoots 
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Peiiod of suivey-9th November to 6th Decembe:, 1929 
Mean diy bulb tempeiatuie 8 aji 78 8° Fahi 
wet bulb tempeiature 8 am 71 6° Falir 
relative humidity 8 am 69 pei cent 
saturation deficiency 8 am 0 31 inches 
Histoiy 0/ plague -Bezwada is in close and fiequent communication with 
the Nizam’s Dominions v heie plague is endemic Theie was one small o^tb^ak 
of plague m 1917-1918 lesponsible foi about 53 cases Almost eveiy year th 
have been a few cases imported fiom the Nizam’s Dominions which have been 
isolated at the station by a special plague inspectoi and sent to the hospital 
Otherwise the town has been fiee fiom plague since 1918 , , , , , , 

Jmpoits and expoi ts -Cotton goods from Bombay, diieo fiuit, hides and 
skins, cotton, giam, peas and onions fiom the Nizam’s Dominions foim the 

chief imports Paddy, i ice and fiesh fiuit aie the chief exports 

Rodents -Details are given in Table IV As usual the godowns and bazaai 
showed a veiy large lat population A veiy laige numbei of R noivegicus- 
as many as 181-weie tiapped All these weie from the bazaai, godowns, and 
houses in the vicinity of godowns Attempts were made to tiap as many rats 
as possible from the goods-sheds of the Nizam’s Railway but only 3 lats were 
trapped These goods-sheds had been regulaily fumigated with sulphur dioxide 
and this may piobably account foi then lou lat density Similaily the railway 
quarteis which sie well constiucted and which aie legulailj inspected by the 

railway sanitary staff haibouied few lats 

Pleas — ^Details aie given in Table IV It will be seen that the highest 
geneial flea index of 7 75 was obtained in the cotton pi esses All othei areas 
showed indices varying fiom 1 30 to 2 87 The fleas aie piactically all X astia 
Only 23 A' c/ieopis weie seen, out of which 21 weie fiom the godowns and two 
from the bazaar and houses in the vicinity of the godowns Attempts to trap 
loose fleas fiom these godowns were unsuccessful It looks as if cheopis weie 
an invading species which so fai has failed to establish itself 

Table V gives flea indices foi the R noivegicus caught sepaiately fiom the 
R lattus 

Table V 

R noivegicus (caught sepaiately fiom R lattus) Bezwada 
(Novembei-Decembei 1929) 


Locality 


Mam bazaar 
Gram godowns 
Residential areas 


R norvegicus 

Total flea (all 

X astia) 

Flea and astia 
index 

58 

246 

4 24 

30 

308 

10 26 

31 

183 

5 90 

119 

737 

619 
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Summary 

(1) Sc\en hunch eel and fifteen lodent^ weie ti upped, out of which 530 ivere 
R uittui>, 181 R noivcQicui, and 4 bandicoots 

(2) Two thousand si\ hunched and thiitj -eight fleas weic examined Two 
thousand six hunched and fifteen weie A' aUia and 23 weic A” cheopis which 
iveie neaily all obtained lioiu goclouns 

3 Bezwada is vciy exposed to plague infection bj lats and fleas from 
the Nizam’s Dominions, so should A' chcopis evei incicasc theic will be a grave 
iisk of seveie plague Probably the one mild epidemic 1917-1918 of only 53 
cases wms cisfin-boine, as it is unlikely that chcopis was more prevalent then 
than now’' So far A' cheopis appears to hare been unsuccessful in invading 
Bezwmda 

REPORT NO. VIII. 

CUDDAPAH AND PRODATTUR IN TPIE DRY DECCAN AREA NORTH- 

A\'EST OF i^IADRAS 

(Tiiupathi and Tnumalai whose surveys are reported m Report No VI 
published m the Indian Journal of Medical Rci^cuich for Apiil 1930 can wnth 
achantage be grouped with the&e ) 

(x) CuDDvinii '* (Septembei -October 1929 ) 

Cuddapah, a municipal towm with a population of 19,600, is the head- 
quarters of the district of the same name Being on the mam lailway hne 
running between Aladias and Bombay, it is an important trading centre of the 
district Its altitude is 433 feet 

Housing conditions — The majority of the houses are dark and ill-ventilated 
and have either flat loofs made of 1 afters and twigs dumped wnth clay 01 are 
roofed with country tiles These and the thatched houses on the outskirts of 
the towm afford good shelter for lats 

Climate — ^The climate is hot and dry The average annual rainfall is 
33 inches JMeteoiological records foi the period of the smvey are as 
follow’s — 

Period of suivey-5th Septembei to 5th October, 1929 
Alean diy bulb temper atuie at 8 a m 82 52° Fahi 

„ wet bulb temper atuie at 8 am 74 64° Fain 

„ lelative humidity at am 70 per cent 

„ satui ation deficiency at 8 a m 0 37 inches 

Plague — ^Plague occuued m 1903 and 1912 but lecoids aie not available 
It again occuued m 1918 and 1919 with moitahties 53 and 41 respectively 
Thus these epidemics were very small The infection is said to have been 
imported from Anantapui district on the west There has been no plague since 

Expoits and impoits— The chief exports are cholam, tin meric, gioundnufc 
and cotton 


* This place was suiveyed by Jamadar F Jesudasan, ihd 
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The chief imports aie cereals and pulses fiom the Bombay Piesidency, 
Nizam's Dominions, Mysoie and Noithein India 

Rodents — ^Details are given in Table I R lattus alone was caught A 
high lat density of 166 was obtained for the shops and godowns in the market 
area All the lats were autopsied and the spleen smeais examined foi B pestis 
with negative results 

Pleas — ^Details are given m Table I One thousand nine hundred and 
fifty-five fleas weie examined All were aska The highest flea index 
observed in the maiket aiea was 5 6 Attempts were made to trap loose fleas 
m the railv. ay godowns by using one dozen ‘ de-fleaed ’ rats and as a result 
three astia and a single cheopis ueie caught It is veiy probable indeed that 
in the foui epidemics of plague reported above the vectoi was X astia 


Table I 

Rodents and fteas-Cuddayah town 


Locality 

Number of 
traps laid 

Number of 
rats caught 

1 

, 1 

Rat density 
(number of 
rats per 100 
traps) j 

Total astw 

Other fleas 

Asha 
index for 

R rattus 

Market area 
(shops and 
grain go- 
downs) 

84 

j 

140 

! 

166 

843 

1 

j 

56 

Houses in 

market area j 

123 

78 

60 

222 

1 


2-8 

Houses away; 
from the 

market area 

694 

1 

263 

38 

1 

1 890 

i 


33 

Total 

901 

481 

53 

1 

! 1,955 

j 


41 


Percentage of female rats 52 

Percentage of pregnant females to total females 26 

Average numbei of foetuses 5 4, 

Replenishment rate for 100 rats per day g-j 

Percentage of female ostio g 

Summary 


(1) Four hundred and eighty-one R lattus ueie trapped 

(2) X nstia is the only flea found m the town 

(3) Foui epidemics of plague have been reported These were probably 
due to an infection earned bj’ X astia 

(4) One loose cheopis vas trapped m a railway godown showung that it 
tends to be impoited 
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(b) PjRODviruR AND Yliuuguntl V ’* (Octobci 1929 ) 

P)odattu), a municipal to\\n m Cuddapali distiict, is the licadquaiteis of 
the taluk of the same name It is the chief cotton-pioducmg centic and is 
situated about eight miles fiom Yciiagimtla, the ncaiest lailway station on the 
Machas-Bombay line (bioad gauge) 

Housimj conditions — The commonest type of hou^e is one with flat roofs 
made of lafteis and twigs dumped with clay Otlieia have loofs of country 
tiles 01 thatch All these afloid ample sheltci foi lats 

Climate — ^The climate is hot and diy The aveiage annual lainfall is 
31 inches The meteoiological letoids foi the peiiod of sui\ey aie as follows — 

Peiiod of sui\c>-10th to 17th Octobci, 1929 

Mean diy bulb tcmpoiatuie it S v m 82 52° Fain 

„ wet bulb tempeiatuic at 8 v m 74 61° Fain 

„ lelative humidity at S vm 70 pei cent 

„ satuiation dehciencj at 8 i m 0 37 inches 

Placjue — Except foi a fe\v impoited eases horn Anantapui distiict theie 
has been no plague 

Expoits and inipoits — The chief cxpoits aic cholam, cambu, lagi, tmmeiic, 
gioundnuts and cotton The ginned cocton is sent to iMadias and Bombay 

The chief impoits aic, iice fiom Rangoon via iMadias, and fiom Nellore 
Ceieals and pulses fiom Bombay, Mysoic and Noitheiii India 

Sw vey — The localities ti apped have been classified into — 

(1) The bazaai aiea, having giain godowms and lotail giain shops, 

(2) Houses othei than those in the bazaai aiea, (3) the foui ginning factoiies, 
(4) Yeiiaguntla, a laihvay station about eight miles fiom Piodattm, with a few 
houses aioimd it 

Rodents — ^Details aie given m Table II One bundled and tw^enty-nine 
R lattus weie ti apped The lat density foi the lesidential aiea w'as slightly 
highei than that foi the bazaai aiea All the lats weie autopsied and spleen 
smeais weie examined foi B pestis with negative lesults 

Fleas — Details aie given in Table II Six bundled and sixty-one astia 
weie examined X astia is the only species pi evading m the towm The flea 
index foi the residential aiea ivas higliei than foi the bazaai aiea This may 
be due to the bettei construction of the shops and giain godowms in the bazaai 
It IS inteiestmg to note the entiie absence of cheopis in this town, which collects 
cotton giown locally 

Summary 

(.1) One hunched and twenty-nine R lattus weie ti apped 

(2) X astia was the only species found Cheopis was absent 

(3) No plague has occuiied 


*This place was siuveyed by Jamadai F Jesudasan, imd 
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PoicGutage of female rats 73 Replenishment rate for 100 rats per day 6 4 

Peiceatago of piegnant females to total females 33 Peicentage of female astia . 69 9 

A-\oinge munbei of foetuses 4 7 



740 J Bat-FJca Sntvcff oj^ the i\I(ut)as Pi esidexcij 

REPORT NO. IX. 

MADANAPALLE, CHITTOOR, VELLORE AND TIRUPATTUR, IN THE 
REGION WEST OF MADRAS AND NE VR TflE BORDERS 
OF THE ^MYSORE PLVTEVU 

f v) M \D\N \p\LLr Town* (No\cinbci 1929 ) 

Madanapallc is a town in Cluttooi di>tiiot, Imvin" a population of 141,310 
It IS ‘Situated at an altitude of 3 200 loot on the boidci> of the jMysoic plateau 
Hou'^uiq condition — With the exception of a few bungalows the houses are 
damp, daik and insanitan Most oi them ha\c flat looL of beaten clay and 
mud flooi=! Otheis aie loofed w'lth counti\ tile^ Tlie^-e and the thatched 
huts located in then inuLt afloid ideal •^heltei loi lats 

Climate — The climate i^^ cool and di\ The meteoiological lecoids for 
the period of suive} aie as follow — 

Period of suivev-20th No\cmbei, 1929 to 28th Noveinbci, 1929 
]\Iean dn bulb temiiciatuie at 8 v m 71 5° Fahi 
, wet bulb temper atuie at 8 \ m 66 4° Fahi 
„ lelatne humiditv at 8 vm 05 per cent 
,, satin ation deficienov at 8 \m 0 2 inches 

Plague — Theie were outbreaks of plague in 1904 and 1912 when the infec- 
tion wxas tiaced to Kolai in INhsoic Theie has been no plague since 

Expoits and impoit^ — It has no expoit of any importance The chief 
imports are food giains fiom iMysoie and iice from Rangoon via Madias 

Rodents — Details aie given in Table I Three hundred and thirty 
R lattus were trapped All lats were autopsicd and spleen snieais examined 
B pestis wxas not found 

Fleas — Details aie given in Table I Sixty -seven pei cent of the fleas w'eie 
X cheopis Thus cheopis is the piedominant flea Its index loi the lesiden- 
tial aiea (7 1) is much higher than foi the bazaar area (4 6) wdiich is unusual 
but IS piobablv accounted foi by the bazaar aiea having bettei constuicted 
houses 


SUMM IRX 

(1) Three hundied and twenty R inttus wmie trapped 

(2) One thousand three hundied and ninety- five lat fleas wmie examined, 
of which 67 pel cent weic X cheopis and 33 per cent were X astia Cheopis 
IS the piedominant flea and is well distiibuted 

(3) Plague has occuiied tw'ice-1904 and 1912 


* This pl'icc was surveyed by Jamadai F Jesudasan, i m d 
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(d) Ciii'i'Toon Town * (Octobci-Novembei 1929 ) 

Chitloo), a municij)nl town wntli a poj)ii]ation of is the head- 

quaiteis of the chstiict of the same name It hci on the metre gauge line of 
the Madias and Southcin iMahiatta Railway between the two stations Katpadi 
and Renigunta on the IMadias-Bangaloic and IMadias-Bombay lines respec- 
tively Its altitude is 1,000 feet 

Housing conditions — Manv of the llou^e■^ in the cential poition of the 
towm have tiled loofs with dung and mud flooi-' Thcie aie onlj’’ a few terraced 
house wuth paved iloois The house'’ in the out>kuts of the town aie mostly 
thatched Theie aie «ome bcttei cla-s bungalows in the eastcin poition of the 
tow'n 

Climate — It is hot in suminci and pleasantly cool in the cold w'eather 
Meteoiological lecoids foi the peiiod of smiey aic as follows — 

Peiiod of suivej'-26th Octobci, 1929 to 11th Novembei, 1929 
Mean diy bulb tempciatuie at 8 v ^r 75 5° Fahr 
„ wet bulb tcmpeiatine at S \ m 72 1° Fain 
„ lelative humiditj at 8 vm 73 1 pci cent 
„ satin ation deficiency at 8 vm 0 23 inches 

Plague — ^This occuiicd once in 1912-figme3 aie not available 
Expoits and impoits — ^The chief expoits aie jaggeiy, tamaiind and giound- 
nuts The chief impoits aie iice fiom Rangoon and Nelloie via Madras and 
ceieals and pulses fiora the neighbouiing distiicts 

Swvey — As seen fiom Table 11 the aieas sun eyed have been aiianged in 
5 gioups The cential bazaai aiea includes giain godowns 

Rodents — Details aie given in Tabic II Thiee bundled and thirty 
R lattus wmie tiapped The density^ is high foi all aieas It is highest in the 
bazaai aiea Santhapet comes next wuth a density of 74 All lats w^ere 
autopsied and the spleen snieais examined foi B pestis with negative lesults 
Fleas — ^Details aie given in Table II One thousand five hundied and 
thiity-seven lat-fleas w^eie examined-1,211 astia and 326 cheopis X astia is 
the pi evading flea and was the only’’ flea found in huts in the cential towai 
Santhapet has the highest index, next comes the lesidential aieas 


SUMMAUl 

(1) Three hundied and tliiity-nine R lattus weie tiapped 

(2) On^ thousand five hundied and thiity-seven fleas weie examined, of 
which 79 pei^cent weie X astia and 21 pei cent wmie X cheopis 

(3) Plagu^has occuried only once in 1912 

* Th^ place was surveyed by Jamadar F Jesudasan, i At d 
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Pcrcenlagc of female rata 706 Aveiagc number of foetuses 63 

Percentage of pregnant females to total females 47 5 Replenishment rate pei 100 rats per day 10-7 
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(c) Vcllorh" (Apiil 1930 ) 

Velloic, a municipal town and the hca(lc|iiai teis of tlie North Aicot district, 
has an area of about foui >(iuaio miles and lI population of 50,210 A biancli 
line of the South Indian Railway joins it to Katpadi on the mam iailv,ay line 
of the M and S 1\I Railway luiinmg fioin Madias to the south-west It is 
connected by a good load with Aladias and Bangaloie 

Housing and sanitation — Alost of the houses aic daik and ill-ventilatecl 
and aie loofed wuth counti\ tiles Sanitation, except in the town extensions, is 
very pooi 

Climate — The towm lies at an altitude of 707 feet above the sea-level 
The climate is hot and dij, the mean monthl> tempciatme (at 8 v \i ) in 1929 
varied betw’cen 70°F m Decembei to 87°F m May The average annual 
lamfall is 42 inches The meteorological obsenations duimg the suivey are 
as follow^s — 

Peiiod of suive}-2ud Apiil to 12th April, 1930 

Mean dry bulb teinpciatuie at 8 \m 86° Fain 
,, w'et bulb teinpeiatuic at 8 v m 79° Fain 
„ lelatne humidity at 8 \m 71 pci cent 

„ saturation deficiency at 8 vm 0 36 inches 

Plague — Plague is said to have first appeared m December 1898, to have 
continued to Maich 1899 and to have been lesponsible for about 300 cases, the 
probable souice of infection being Mysore A second outbieak of about 100 
cases occuiied in 1904-05, and a third outbieak of about 70 cases in 1914-15 
Since then, wath the exception of a few imported cases, the town has been free 
At the time of the suivey, plague wms occur i mg m Tiiupattui in the same 
district Theie is passengei and giam tiaffic between the two places 

Expoits and inipoits — Tobacco, maize, boiled iice, taniaiind and gmgelly 
oil aie the chief expoits The chief impoit is law’^ iice fiom Nelloie and Guntur 
districts 

Rodents — ^Detail^ aie given in Table III One hundred and fifteen 
R lattus and 1 bandicoot were trapped The bazaar and the godowns showed 
as usual high lat densities All the lats trapped were autopsied Then spleen 
smears examined for the presence of B pestis were negative 

Fleas — ^Details are given m Table III Both X astia and X cheopis 
were present m the town, the foimei piedommatmg-77 6 per cent The cheopis 
indices foi the bazaar and the godowns were 2 8 and 1 8 lespectively While 
'heopxs were seen in the bazaar areas none W'eie found on the rats trapped 
om houses 

Summary 

( (1) One hundred and fifteen R lattus and 1 bandicoot were trapped 
wdiich (.2) Five hundred and forty -two fleas were examined, out of which 22 4 pei 
( 3 Were X cheopis and 77 6 per cent were X astia X astia is the predo- 

ng flea at Vellore Cheopis is found only m bazaars and godowns — 

*This place was surveyed by Dr D S Mankikar 
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Percentage of fenmle rats Percentage of female aslia 41 3 

Percentage of piegnant lats to female rata 33*9 Percentage of asha 77 6 

Average numbei of feetusea 5 1 Percentage of female cheopis 35 5 

Rcplenisljment late for 100 rats per day 5 2 Percentage of cheopis 22*4 
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A Rat-Flea Siuvet/ 0/ the Madias Piesidencij 


(d) Tirupvitlu (Noutii Aucot Disruicr) (Apiil 1930 ) 


Tiiupattui IS u tuluk lieadquaitci-' and a municipal toun m tlie North 
Aicot di<5tnct It lui" an aica of about two ''quaie nnlc^ and a population of 
16,275 It 1-5 on the mam iailwa\ line ot the South Indian Railway lunning 
fiom Madias to Mangaloic .ind the Nilgiii'' 

Housing and sanitation — ^"Fhe hou^'Os me nio^th m a dilapidated condition 
and aie daik and ill-\entilatcd Thc> aic loofcd with counnj tiles and the 
floois aie iiddled with lat hole" Sanitation i" \en pooi 

Climate — Aleteoiological lecoid" ue not kejit but its climate can be 
dcsoiibed by saMiig that it i" about 5°F coolei than Velloie as it lies on liiglici 
giound Ob'^enatiou" foi tlic peiiod of the "Unej aic a" follow’s — 

Peiiod of sui\cv-12th Apiil to 21"t Vpiil, 1930 
Mean diy bulb tempeiatuie 8 \ m 81° Fain 
„ wTt bulb tempciatmc 8 m 73° Fain 
, lelative huinidit\ 8 \ m 69 pei cent 

„ 'satiuation defieienc\ 8 m 0 32 inchc" 

Plague — Theie is a hi‘;toi\ of plague ha\ing otcuued in 1902 and 1922 
but no lecouF aie a\ailable Plague "taited again in Decembei 1929 and 
continued up to the time ot the suites The fiist lat-fall occuned on 15th 
Decembei, 1929, in the "inall bazaai aftci a con‘«igninent of iice had been 
leceived fiom Shimoga in Mjsoie Plague bioke out on 21st Decembei, 1929, 
and up to 19th Apiil, 1930, 146 attacks and 106 deaths Imd occuned Tlieie 
weie about a bundled lat-falls The town was evacuated and people inoculated 
Vigoious lat-tiappmg w^as aFo commenced The INIahommedans, wdio foini 
about 40 pel cent of the total population, w'eie the most aftected as they would 
neither submit to inoculation noi evacuate then houses 

Expoits and impoits — Gioundnut^ castoi seed and tamaiind aie the chief 
expoits Rice fiom Nelloie and Bezwada and gieen giam fiom Tiichmopoh 
are the chief imports IMiscellaneou'^ ai tides come fiom Madras 

Rodents — ^DetaiF aie given m Table IV One bundled and seven 
R lattus, 30 mice and 4 musk-iats wmie tiapped Rat densities aie not calcu- 
lated because the niimbei of lats caught is too small This w'as because theie 
was opposition to lat tiappmg fiom the people All the lats trapped were 
autopsied Then =ipleen smeai=5 examined foi the presence of B pestis iveie 


found negative 

Fleas — Details aie given in Table IV Both X astia and X cheopis were 
.found in all the localities of the town Out of 298 fleas examined 242 01 81 2 
^T'xcent weie X cheopis As far as can be judged cheopis is not only 
commoner flea but is also veiy well distributed 

's \ Summary 

(1) An epidemic of plague is just ending probably because the hot wea ei 
is beginning 


'♦'This place was surveyed by Di D, S Mankikar, 




TiVBLE IV 

Rodents and jleas-Tvupattw (Noith Aicot district), \pnl 1930 

, Number ofi General flea' Asha Cheopp 

Number of -rntnl flenn inde\ for I X astia mdc\ for X cheopia index for 
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Rcplcmsbmcnt rate for 100 rats pci day 2 4 Percentage of cheopis 
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(2) Two hunch cd and nincty-cight fleas u ci e e\amined, out of which 18 8 
pel cent weie X astia and 81 2 pei cent weic X dieopis X cheopis is the 
predominating flea and appeals to be distiibuted thioughout the town 

(3) Plague IS likely to lecur unless vigoious action is taken against rats 
and in impioving sanitation 


REPORT NO X 

RE-SURVEYS OF MADRAS AND NEGAPATAM 
(s.) AUdh'lS Cit\ * (Decembei-Januaiy 1930 ) 

Suivey — Madias cit> was suiveyed in July-August 1929 and this re- 
survey was done to note any seasonal change in lats and flea=J The same areas 
were chosen as last time 

Climate — ^The mean monthly tempciatme at 8 v m in 1929 vaiied fiom 
74°F in Januaiy to 88°F in May The racteoiological lecoids during the 
survey weie as follow's — 

Period of suivev-16th Decembei, 1929 to 10th January, 1930 
Mean wet bulb tempeiatuie at 8 vm 75 3° Fahi 

„ diy bulb tempeiatuie at 8 s, m 72 0° Fain 

„ lelative humidity at 8 am 85 5 pei cent 

„ satuiation deficiency at 8 \ m 0 11 inches 

Rodents — Thiee hunched and fifty-thiee lodents weie tiapped Three 
hundred and foity-nme w'eie R )attus, 3 were bandicoots, and 1, a musk-rat 
The lat density foi the whole city showed an increase from 29 to 35, but the 
replenishment rate showed a decrease to 4 2 from 5 3 

Rat-jleas — Two thousand four hunched and foity-eight fleas w'eie collected 
and of these 2,188 were X astia and 260 X cheopis The distribution of 
^ cheopis m the city w'as found to correspond exactly with what had been 
observed in July- August 1929-limitation to the Haiboui and Buckingham Mill 
ar^s 

\he flea indices m all areas showed a general increase, except Kassimodu 
whi^ showed a decrease from 6 1 to 3 7 In the two localities where astia 
and chBopis both prevail, the latter appear to have undergone a marked 
numeii^ increase but not the foiraei On the other hand m most places 
where asi^alone exists, it has increased The flea indices showed a particulaily 
great incieate m the Harbour area, in George Town, and in the cotton mills 


*This p^ce was sueveyed by Drs P V Geoige- and D S Mankikai 
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A iRat-Flea Siuoey of the Mach as Fteslclencij 


(b) Negapatam * (Jamuuy 1930 ) 

A le-biiivey ot Negupatam town \\ai> caiued out fiom 16th Januaiy, 1930 
to 28th Januaiy, 1930 to asceitain the bca&onal clmnge& in lah and heas dining 
these coolei months of the yeai as compaied with the hot months, of June and 
July, the time of the hi-^t Muvey The mean monthly tcmpeiatuie at 8 am 
in 1929 vaiied fiom 76°F m Decembei to 87°F in May The aveiage annual 
lamfall is 55 inches The meteoiological lecoiiF dm mg the suivey aie as 
follows — 

Mean diy bulb tempeiatuie at 8 a \i 77° Fain 
„ wet bulb tempeiatuie at 8 vm 73° Fain 
„ lelative humidity at 8 v m 7b pei cent 

„ satui ation deficiency at 8 am 0 23 inchcc 

Roclenh — {See Table II ioi details) Altogethei 22b R xittus weic 
tiapped Compaimg the lat densities nith those of the last smvey no find, as 
was to be expected, an mcieasc in the densities m all aieas, the difteiencc in 
the Haiboui aiea coming to 38 The leplemshment late of lats was 6 7 as 
compaied with 3 2 at the last suivey 

Fleas — (See Table II foi details) The lat-fiea at Negapatam is X astia 
exclusively The Haiboui godowns show the highest index of 7 24, an incieasc 
of 2 84 fleas pei lat ovei the last suivej The lesidential aieas show only a 
slight mciease 

T^vble II 


Rodents and jleas-N eejapatam {Januaiy 1930) 


Locality 

Numbei of 
tiaps laid 

Numbei of 
lodents 
tiapped 

Rat density, 
1 e , number 
of rats pel 
100 traps 

1 

Total fleas 
A'’ astia 

General and 
specific astia 
index 

Poit godowns 

171 

1 

141 

82 

1,021 

724 

Railway goods-shed 

22 

1 


8 


Negapatam bazaar 

44 

25 

57 

82 

328 

Nagoie bazaai 

44 

17 

39 

53 

3’11 

Negatapam houses 

no 

19 

17 

71 

3 73 

Nagoie houses 

44 

23 

52 

81 

3 52 

Baiges 

44 





Total 

479 

! 226 

47 

1,316 

5 82 


Percentage of female lats 57*5 

Percentage of piegnant lats to total females 30 0 

Aveiage numbei of feetuses 6 2 

Eeplenisliment late foi 100 lats pei day 6 7 

Percentage of female asLia 48 


*This place was surveyed by Dr D S Mankikai 
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Conclusion 

A le-siuvey in the cold weathei confirms the finding of a suivey in the hot 
weathei that X astia is the sole lat-flea of Negapatam This is inteiesting, 
because, as stated in the fiist lepoit, iheie was an epidemic of 154 cases in 
1913-14 piobably following infection fiom a ship from Rangoon, which ship 
latei also infected Colombo So, unless cheopis was pievalent then and has 
since died out, which is unlikely, this epidemic of 1913-14 was astia-boine 

REPORT NO XI 

TINNEVELLY, TUTICORIN AND MADURA ON THE SOUTH COASTAL 

PLAIN 

(a) Tinnetolltl and Palamcottah • fSeptembei-Octobei 1929) 

Tinnevelly is a municipal town having a population of 53,783 It 
consists of thiee divisions, the Tinneveih town piojiei and Uvo subuibs, Pettai 
and Veeiaraghavapmam, which are situated on eithei side of the main town 
and are cut off from it by long sti etches of paddy fields Veei ai aghavapuram 
IS the lailyav station called Tinnevellv junction 

Palamcottah is anothei municipal town, and is the headquaiteis of the 
Tinnevelly district It has a population of 46,643 It is only two miles distant 
from Tinnevelly, and is separated fiom it by the iivei Tampaiavaini 

Climate — ^It has a light lainfall and a high equable temperature-tlie 
average mean tempeiatuie is the highest foi any distiict in the presidency 
The average annual lainfall is about 28 inches, of which ovei 18 inches aie 
leceived duiing the noith-east monsoon from Octobei to Decembei The 
meteoiological obsen ations made during the peiiod of suivej^ are as follows — 

Peiiod of suivey-28th Septembei to 24th Octobei, 1929 
Mean diy bulb teinperatiue 9 am 82° Fain 
„ wet bulb tempeiatuie 9 am 75 6° Fain 
„ relative humidity 9 am 74 pei cent 
„ satin ation deficiency 9 am 03 inches 

Housing and sanitation — All types ot houses aie to be seen Teiiaced 
houses aie common The lesidential aieas in Tinnevelly aie much over- 
ciowded, but in Palamcottah most of the houses have extensive giounds around 
The geneial sanitation in Palamcottah is good, on the othei hand, owing to busy 
tiade and congestion in lesidential quaiteis, the sanitation of Tinnevelly is -very 
pool 

Commeice —Pettai appeals to be the busiest commeicial centre, and the 
District Gazeteei deseiibes its tiade thus —‘Almost all aiticles [except cotton 
and jaggeiy) exported from the west and centre of the district, most articles 
irapoited fiom outside the district between north and soutli oi east and ivest 
go tluough the hands of the Pettai mei chants Onions, chillies, bones, gingelly’ 


♦These two places were sun eyed by Di P V George 



Table I 

Rodents and Heas-Tinnevelly and Palamcottah {Sejytenibe) -Octobe) 1929) 



Percentage of female rata 67 Replenishment late of 100 mis pci du> 

Percentage of pregnant rats to total rats 14 7 Percentage of female aslta 

Average number of fcetusea 5 3 Percentage of female cheopis 
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grams of all kinds, pour m from all paits of the district lor export either to 
anothei part of the distiict oi bejmnd it’ 

The gram tiade, however, is not considerable and the population largely 
subsists on the distiict pioduce Saliyar Street m Tmnevelly town is the centre 
of the gram godowns It is to be noted that the chief difterence between the 
trade of Pettai and Tmnevelly tonn piopei, lies m the fact that all trade in 
cotton and cotton goods is centralized m the latter Cotton is imported mto 
the place largelj from Koilpatty, Papanasam, Madura and Coimbatore, while 
cotton seed is recened also from Bellary, Hubli, Dhaiwar, etc 

Plague — ^These two towns have not been visited by plague so far, and 
except for a single epidemic in Tuticorin m 1923-24, the whole district has been 
singularly free 

Rodents — Six hundred and thnty-nme rodents were trapped, and of these 
634 were R lattus, 3 musk-rats, and 2 bandicoots Table I gives the rat 
density, etc, for the different areas It will be seen that the lat density was 
found to be high m all areas, and much higher m Tmnevelly town bazaar, 
VIZ, 140-there has been no sistematic lat destruction practised here 

Among the rats examined 57 per cent were females, and the replenishment 
rate foi 100 rats per day was foimd to be 4 9 

Rat-fleas — Two thousand one hundred and sixdy-eight fleas were examined 
and of these 1,831 were X astia, and the remaining 337 weie X cheopis 
Among asha 51 per cent were females, but among cheopis only 31 per cent 
were females 

Table I gives the flea mdices for the different areas Generally the flea 
indices w^ere comparatively low, considering the season of sm-vey The highest 
index of 5 28 was obtained m the municipal sweeper Imes at Veeraraghavapuram 
The distribution of cheopis was found piactically limited to the bazaar 
sheets of Tmnevelly town and Veeraraghavapuram Out of the small total 
of 7 cheopis obtained from residential areas, 6 were from weaver houses The 
total absence of cheopis in Pettai and Palamcottah Bazaars and from almost all 
residential areas is to be noted Further, even in the Tmnevelly town bazaar, 
cheopis were absent from Saliyai Street, the centre of the w'holesale gram trade 
As has been observed, the cotton trade is limited to Tmnevelly town These 
facts stronglj suggest that cheopis is an imported flea and that such importation 
has taken place through cotton The presence of cheopis m Veeraraghavapuram 
Bazaai maj be explained by its nearness to the railway goods-shed w^hich 
recenes all the cotton imported to Tmnevelly 

SUMMXHX 

(1) Six hundred and tlinty-mne rodents were examined, and of these 3 
were musk-iats, 2 bandicoots and the lest, R rattus 

The rat density was uniformlj high, and very high (140) in Tinnevellv 
Bazaai ^ 

(2) Two thousand one hundred and sixty-eight fleas were collected and 
identified Of these 1,831 were X astia and 337 were X cheopis The 
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chstiibution of cheopni ^^a'3 found {nacticallv linuted to the bazuui bticct's of 
TmncAollv town and Vcoiaiaghavapmam X chcopts -eeni'^ to be <in unpoited 
flea, and the evidenccb ''Ugp;C''t that it lu" lieen imiioitcfl with cotton fiom 
adjoining cUhtiicts and the Bomba\ Pie-idencx 
(3) Theic ha-^ been no huinaii plague 

(b) Tlikoiun ^ (Oi tobei-N()\ ciniiei 1929 ) 

Tuticonn, a municipal town in Tmntwclh distiict, a teiiumu^ of the 
South Indian Railwaj, and i*' the chiel "capoit foi the e\poit trade of the 
southern distiict^? of the piebidenc\ The haiboui is foimed bv a low' sandy 
cape and lies within a ciiculai ch<im of i-'Lincs and leef-' Faiih huge coasting 
ciaft can entei within the leefs., but biggei ce-'SeK ha\e to anchoi in the road- 
stead si\ 01 se\en miles fiom the town The town ha" a iiopulation of 44,522 
in an aiea of 1 8 squaie mile- and is thus one of the mo-^t clenseh populated 
towms in the piesidencv 

Climate — ^The climate is hot and compaiatueh di\ The a\eiage annual 
lainfall is only 22 11 inchc", and of this about 16 inchc" i" icceiced during the 
noith-ea&t monsoon The meteoiological lecoids dm mg the peiiod of ^uivey are 
as follows — 

Peiiod of suivey-26th Octobei to 30th No\ ember, 1929 
Mean diy bulb tempciatuie 9 \ m 80 3° Fain 
„ wet bulb teinpeiatuic 9 vm 75 2° Fain 
„ lelatuc huimditc 9 \ \i 79 poi cent 
„ satin ation deficienci 9 v m 0 24 inches 
Housing and sanitation — The lesidential aieas to the noith of the lailway 
station aie much oveiciowded The houses afToid amjilc sheltei foi lats, both 
in the flooib and in the ceiling Theie aic no lat-pioof godowms in the towm 
The sanitation is veiy unsatisfactoij in all paits 

Commeice — Expoits aie much heaiiei than impoi tb-cotton and yam aic 
the chief expoits and next come tea, coffee, chillieb and onions The chief 
impoits aie iice fiom Rangoon, wdieat, bailei, pulses, etc, fiom Bombay, 
Kaiachi and Calcutta 

Tuticoiin leceives cotton mainly fiom its own distiict of Tmnevelly, and 
also fiom Maduia, Coimbatoie and Ramnad Theie aic sevcial cotton ginning 
and piessmg mills m the town 

Plague — ^Tuticoim has had only one epidemic of plague m 1923-24 with 
411 attacks and 230 deaths This epidemic was tiaced to Maduia It caused 
such a panic that the towm was piactically emptied 

Swvey — ^The suivey was done m October-Novembei 1929 dining the 
lamy season All i epi esentative aieas Aveie suiveyed and also the small village 
of Kaiappadu m the outsknts of the toivn 

Rodents — Five hundied and thiity-tAvo lodents w'eie tiapped, of which 
511 w'eie R lattus, 5 bandicoots, 5 musk-iats, 2 house mice and 9 gerbiHes 

*This place was surveyed by Dr P V George 
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]Most of the geibilles weie dug out of lat holes to secuie specimens, and we 
are indebted to the Bombay Natural Histoiy Society foi its identification as 
Geibilles tateia cuven Musk-iats and bandicoots abound 

Table II gives the lat density, etc, foi the different types of areas m the 
town The denslt^ was highest (69) in the grain godowns m South Raja 
Street and Beach Road Cotton godouns showed onij a small rat density, 
evidently because thej were well eonstiucted and maintained Female rats 
predominated in all aieas, and among them 26 per cent were pregnant The 
replenishment rate foi 100 rats pei day was calculated according to the formula 
published in U S d Public Health Repoits, Vol NL, No 9, of Ivlaich 
1929 This nas found to be 5 3 All the vats weie autopsied, and then spleen 
smeais examined All were negative for plague 

Fleas— Ot a total of 3,016 rat-fleas 1,842 were X astia, 1,172 X cheopis 
and 2 Ctenocephalus felis 

Table I gives the flea indices, etc, for the different representative areas in 
the town 

It IS to be noted that reij high flea indices (14 5) were obtained in some 
of the cotton godowns The lorvest flea index (1 3) uas also got from a few 
cotton godouns of Messrs A & F Harvey, situated near the Beach These 
godowns, unlike the others in the toun, are built with conciete floors, and they 
are well lighted and ventilated This diffeience in constiuction probably 
explains the difference in flea indices 

In all areas as regards both astia and cheopis males predominated 
The distribution of cheopis was found to be strictly localized to the areas 
of the wholesale trade in cotton and grains Astia w'as the sole flea obtained 
from geibilles (which are field lats), further it was the sole flea obtained from 
residential areas from Karappadu village, and even from the retail bazaar 
areas This definite difference in distribution of the tw'o species strongly 
suggests that cheopis is imported into this towm and that such importation is 
through cotton and grains Now, the towm is a small one extending only 
1 8 square miles, and the cotton godowns are not crowded together but are 
irregularly distributed in and about the towm, so the absence of cheopis from 
the residential areas is remarkable This suggests either a \ei\ strict limitation 
of the movement of rat<!, or that the conditions are rmfar ourable for the spread 
of cheopis, in wdiich case probably the cheopis infestation of the mills is largely 
maintained by importation 

Since it IS unhkel} that the rat-flea population of the residential areas in 
1923-24 differed mateiiallv from the present in being wholly X astia, it is 
probable that the small epidemic of that j eai w'hich affected less than 1 per 
cent of the population and w Inch w is not restricted to any one quarter of the 
town was asfm-boine as regards its maintenance The fact that the epidemic 
did not lecm lends additional support to this deduction The importation may 
or maj not have been due to cheopis ^ 
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Percentage o£ female rats 61 Replenishment rale foi 100 rat-, pci d.ij 5 3 

Percentage of piegnant female rats 26 Percentage of female ai>tia 17 9 

Percentage of pregnant to total rats 15 3 Pciccntage of female chcopib 35 4 

Average number of foetuses 5 5 
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Loose flea expeiiments—Rais were anaesthetized with petiol and then 
thoioughly combed and seaiched foi fleas The thoioughness of de-fleaing rats 
by this method was verified several times It was found that some rats died 
latei on, and so instead of having only one rat in each tiap, two oi three rats 
weie put into the same tiap Immediately aftei de-fleamg the lats, the traps 
into which they were put weie suspended fai above giound in an almost lat- 
proof loom in tlie laboiatoiy These tiaps were well seemed against ingress 
of new rats and were left foi a night m vaiious godowns The numbei of traps 
used was in piopoition to the aiea of the godown Empty baited tiaps weie 
also put m the same godown at the same time 

Similai evpeiiments weie perfoimed m a few lesidential houses as a contiol 
In the mormng the traps were collected and put into canvas bags and 
brought to the laborateij. Fleas weie collected using the same technique as 
was employed in om smvey No fleas weie found on lats left in residences 
while the rats caught in the traps fiom the same houses yielded plenty of fleas 
But in the godowms many loose fleas weie caught as seen from Table III 

The loose flea index has been calculated per trap and not pei lat This 
has been done because for corapaiative purposes we wish to get an index that 
will serve to measure the numbei of loose fleas per given aiea winch aiea is 
that surrounding a tiap wuthm the limits that allow a flea to reach a tiap The 
flea index per rat in this case would not seive since the number of suiviving 
rats in the traps was not constant 

The results in Table III show that w'e get great differences in loose flea 
densities in different areas The loose cotton godowns weie easily fiist, next 
pressed cotton and rice godowns, and last dhal godowns and lesidences As 
was to be expected, this ordei is practically the same as the ordei of the attached 
flea densities of diffeient areas m Table I It is probable that differences 
between localities in this respect aie to be ascribed to the differences in facilities 
foi the shelter and breeding of fleas while off rats Thus cotton and cotton 
dust seem to be by far the best shelteiing material particularly in the humid 
atmosphere of cotton mills 

SuMMABY 

(1) Five bundled and thirty-two lodents were tiapped during the survey, 
out of which 511 were R lattiis, 5 bandicoots, 5 musk-iats, 2 house mice and 
9 geibilles The lat density w'as highest m the giain godowms 

(2) Thiee thousand and sixteen rat-fleas weie gathered, of which 1 842 
w'ere X astia, 1,172 X cheopis, and 2 Ctenocephaliis fehs The flea density 
was the highest m the cotton godowns Among both astia and cheopis collected 
off lats males piedominated, wdiereas among the loose astia and cheopis caught 
from godowms females predominated 

flea/^^ results show the importance of cotton in harbouring 
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(4) There has been only one epidemic of plague in the town, m 1923-24, 
which caused 230 deaths This epidemic was most probably astia-horne, since 
at present eheopis is absent from residential areas 

(5) The cheopis-miected areas are a source of danger to the rest of the 
town, because it is probable that cheopis is still being imported into 
them and so infection may also be imported Rat proofing of godowns is 
urgently indicated 

(c) Maduha Town * (January-Tebiuary 1930 ) 

Madura, a municipal town, is the headquaiteis of the Madura district with 
a population of 138,894 It is the second largest town in the Madras Presi- 
dency and IS situated on the right bank of the river Vaigai Being on the main 
line of the South Indian Railway, it is an important trading and pilgrim centre 
Recently it has been connected by a narrow gauge line to the Kambam valley, 
a gram-producing centre and an endemic plague focus 

Housing and sanitahon — ^All types of buildings are to be seen but the 
majority are terraced and have paved floors The eastern and northern portion 
of the town contain detached bungalows and houses The poorer classes usually 
live in huts on the outskiits of the town There are no rat-proof godowns 

Climate and lainfall — ^The chmate is hot and dry The mean monthly 
8 am temperature varies fiom 88 8“F in May to 78®F m January The 
average annual rainfall is 33 8 inches The meteorological records during the 
survey are as follows — 

Period of survey-28th Januaiy to 28th February, 1930 
Mean dry bulb temperature at 8 a m 77 0° Fahr 
„ wet bulb temperature at 8 a m 70 7° Fahr 
„ relative humidity at 8 a ar 68 per cent 
„ satmation deficiency at 8 a m 0 3 inches 

Plague— The first outbreak of plague in an epidemic form was in 1911, 
infection being traced to Palm and Coimbatore From 1920 to 1925 plague 
occurred every year yielding the following number of deaths m the respective 
years, 128, 571, 33, 122, 6, 36 

Exports and imports— The chief crops raised in the district are ragi, 
kambu, cholam, gingelly seeds, groundnut and cotton hlost of the gram is 
brought into the town from the Kambam valley. This influx of grams takes 
place during January, February and March Grams from Bombay, Rangoon 
and Northern India are also exported via Tuticonn and rice from Nellore and 
Rangoon Ginned and baled cotton comes from Dindigul, Ramnad Tmnevellv 
and Coimbatore ’ ^ 
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♦This place was sun eyed by Jamadar F Jesudasan, imj) 
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Bodcnts — Details aic given in Table IV One thousand eight hundred and 
nine R iattui> weie tiappcd It will be '■cen that all aicas showed high rat 
densities The highcst-108-boing obtained in the Rajah and 102 in the Madura 
mill The giain godoun-^ come next witli a deinitj ot 72 Ail the lats autopsied 
'and then spleen sineais examined for B pcstis with negative lesults 

, Fleas — Details aic gi\cn in Table IV Both ,Y n* ha and A' cheopi$v,eK 

piesent While astia pi c\ ailed e\cn\\heic, the distiibution of ckeopis was 
confined to ceitain cotton mills and giain godoun-, and houses neai them The 
Madiun mill, the highest and oldest m the town, showed a chcopib index of 
9 8, which IS the highest obtained It is mtcicsting to contiast this with the 
finding in the othci mills The Rajah mill which aftci a long stoppage of 
w'oik leopencd in June 1929 had no theopis The Meenakshi mill, which has 
been leconstiucted and staitcd woik about a jcai ago, had one cheopis flea 
The Pandian mills, which aftci a long stoppage staited woik in June 1929, had 
four cheopis It is to be noted that this null is undei the same management 
as the Madura null and gets its cotton fiom that null 

, The houses in the aiea aiound the Rajah nulls had 29 cheopis out of a' 
total of 307 fleas, but this is piobably due to then boideiing on the giain 
godown aiea Houses aiound the othei mills showed a veiy small number of 
cheopis The giain godowms showed a cheopis index of 3 3 As stated, cheopis 
wms also piesent in houses aiound these godowms, a few in houses near the 
gram bazaai and none at all in houses fuithei awxay 

From Table I it is seen that tluee-foinths of the total cheopis wms obtained 
in the Maduia mills and in giam godowns The lemainmg cheopis aie so few 
\as to be almost negligible compaied with the laige numbei of astia Thus astia 
^s ther,piedominant flea Cheopis appears to be an mvadei associated with 
\tton and grains This is cleaily showm by the facts aheady mentioned and 
l^eihaps made more clear by the following summary — 

^ Cheopis index 

\ 1 



Maduia mills (cotton mills) 

9 8 


Grain godowns 

3 3 


Houses neai gram godowns 

1 1 


m bazaai 

0 4 - 
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Tlie loose flea ^\ork sliown in Table V confirms the great prevalence of 
chcopis in gifuu godowns and m the ^ladina mills The absence of fleas in 
jam godoiviH may be paitly n^'bociaiccl nith jam being stored m better 
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SUMM UtY 


(1) One thousand eight hundred and nine R lattus were trapped 

(2) Seven thousand nine hundied and foity-eight fleas weie examined, 
85 2 pel cent were X astia and 14 8 pei cent weie X cheopis 

Cheopis IS piactically confined to the Madina mill and to gram godowns 
and houses neaiby 


REPORT NO. XII 

SALEM, YERCAUD, TRICHINOPOLY AND COIMBATORE IN THE 
CENTRAL SOUTHERN AREA OF THE PRESIDENCY 

(a) Salem Town "" (Febiuaiy-Maich, 1930 ) 

Salem, a municipal town with a population of 52,244, is the headquarters 
the Salem distiict It is an impoitant tiade centie, being situated at the 
action of the Bangaloie, Txichinopoly and Cuddalore Roads, and being on the 
' ad gauge line of the South Indian Railway fiom Madias to the west coast 
Housing conditions — ^Except in the town extensions, the houses everywhere 
daik and ill-ventilated and aie loofed with country tiles On the outskirts 
.e town we find only mud huts with thatched loofs which afford ideal 
Aons foi the bleeding of rats 


* This place was surveyed by Jamadar F Jesudasan, i mj). 
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Climate and lainf all— The average monthly mean temperature varies 
from 88°F m April to 75°F m December The average annual ramfall is 
39 inches The meteorological records dining the survey are as follows — 
Period of survey-27th February to 26th March, 1930 
Mean dry bulb temperatme at 8 am 78 5° Fahi 
„ wet bulb temperature at 8 am 72 4° Fahr 
„ relative humidity at 8 am 69 per cent 
„ saturation deficiency at 8 a m 0 31 inches 

Plague —From 1902 to 1905 there were only a few cases of plague imported 
from Mysore, but from 1909 to 1921 theie were several severe outbreaks respon- 
sible for 6,000 deaths in all 

Exports and imports— The chief exports are groundnuts and ginned 
cotton The chief imports are cereals and pulses from Mysore, Bombay 
Presidency and Bengal, rice from Rangoon and Cocanada 

Survey — The areas have been classified to show the relation of flea 
prevalence to the grain and cotton trades 

Rodents — ^Details aie given m Table I Fom hundred and thirty-six 
R rattus were trapped The gram godowns showed the highest rat density-50 
in the town Huts on the outskirts came next with a rat density of 47 All 
other areas showed rat densities varying between 8 and 33 A rat-catching 
campaign has been carried on for 10 years despite which, as seen, the rat 
densities are practically normal There are no rat-proof godowns 

Fleas — ^Details are given in Table I Both X astia and X cheopvs were 
found in the town Cheopis is the predominant flea m the town proper and has 
a wide distribution, but astia is the predominant flea in the huts around the 
town pomting to its being the indigenous flea There was no great difference 
between the cheopvs indices of gram godowns and the surrounding areas (3 and 
3 2) A cheopis index of 2 6 was obtained m two villages outside the mumcipal 
hmits All these facts show that cheopis distribution m Salem is no longer 
dependant on grain movements but that cheopis has become successfully 
established m the town On the other hand the association of cheopis with 
gram is shown by the results of loose flea experiments which are as follows — 


Locality 

Number of 
‘de-fieaed* rats 

I 

1 

Loose cheopis 

■ ! 

1 

Loose astia 

Ratio between 
cheopis and aslia 
indices m the same 
localities 

Cotton godowns 

16 

3 

3 

1/0*8 

Gram godowns 

9 

20 

■ 1 

3/0*8 


As seen, the proportion of loose cheopis to astia caught m gram godowns 
was five times higher than the proportion of cheopis to astia cLght on rats 
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This might have been due to supeiioi activity on the part of cheopis, but it is 
doubtful whethei it was wholly so 


SUAXM.1R1 

(1) Foui bundled and thut 5 ''-seven R lattus weie tia^ped 

(2) One thousand six hundred and ninety-seven fleas were examined, of 
which 57 per cent was X cheopis and 43 pei cent X astia Cheopis is the 
predominating flea in the town propei where it is well distributed 

(3) Seveial severe outbieaks of plague have occuried m the past So fai 
as we can see, theie is no leason why they should notrecm in the future The 
present lat campaign does not seem to be veiy successful 


(b) Yercaud Town * (Maich-April 1930 ) 

Yeicaud, a lull station on the Sheivaioys in the Salem district, lies at an 
altitude of 4,500 feet and is connected with Salem by a good load 

Housing and sanitation —Except foi the bungalows of Europeans the 
houses aie mostly dark and ill-ventilated and aie loofed with couPtiy tiles and 
have dung and mud floors Sanitation is bad m the pooi class areas 

Climate and lainfall —The midday tempeiature A^aries from 70°F in May 
(hot weathei) to 67°r in December The annual average- rainfall vanes from 
60 to 80 inches The meteoiological observations during the survey, aie as 
follows — 

Period of suive>-27th Maich to 8th April, 1930 

Mean dry bulb temperatuie at 8 Ai\r 67 9° Fain ^ 

„ wet bulb tempeiatuze at 8 am 64 Fain 
„ lelative humidity at 8 am 93 per cent 
„ saturation deficiency at 8 a m 0 04 inches 


Plague — ^There were outbieaks of plague m 1910 and 1919-no lecords of 
cases aie available 

Exports and impoits — ^The chief produce is coffee which is exported in 
large quantities Grams and other ai tides are usually brought fiom Salem 
Smvey— The findings have been tabulated for (1) poor class Indian 
residences, and (2) bungalows Five hamlets outside Yercaud limits were also 
trapped but imfoitimately no lats were caught 

Fodents -Details aie given m Table 11 Only 37 R lattus were trapped 
ISo explanation can be given for this poor numbei of rats obtained except that 
the trapping with wondei tiaps was very unsuccessful for some unknown reason 
Rats seemed to be abundant 

Fleas -Details aie gu en in Table II The rat fleas pi evading at Yercaud 
are X hasiliensis and X astia, the former predominating- The hou'^es of thp 

bungalows. Practicafly all the 
fleas collected from bungalows were X biasibensis Twenty Pulet irntaris were 


►Tbs place was sunejed bj Jamadar F Jesudasan, i3xj) 
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A Bat-Flea Siuvey of the Madnis Piesidency. 



Percentage of pregnant females 11 5 Peiccntugo of asha females G7 5 

Percentage of pregnant females to total rats S^l Pei tentage of hrasihcims females 413 

Average number of foetuses 7 3 Peicenlage of Pulcx tinlans females GO 
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collected from the mud floors of houses by picking them off the floors They 
appear to be extremely numeious 

SUAXAURr 

(1) Only 37 R lattiis weie trapped 

(2) Total rat-fleas collected 25&-brasiliensis 70 per cent, astia, 21 per cent 
Pulez irntans was very common 

(3) There were two outbreaks of plague m 1910 and 1919 probably carried 
on fay X brasihensis 

(c) THiCHiNOPomi * (December 1929 to January 1930 ) 

Tnchinopoly, a mumcipal town with a population of 120,422, is the head- 
quarters of the district of the same name It is an important junction on the 
mam railway line of the South Indian Railway from Madras to the south It 
IS connected by a branch line nith Erode on the Madias-Mangalore and Nilgirrs 
Ime 

Housing conditions — ^Most of the houses are roofed with country tiles and 
are dark and ill-ventilated and afford ample shelter for the breeding of rats 

Climate and lainfall — The climate is generally hot and dry The average 
annual ramfall is 33 inches The meteorological records during the survey are 
as follows — 

Period of suivey-27th December, 1929 to 26th January, 1930 
Mean dry bulb temperature at 8 a ax 75 4° Fahr 
„ wet bulb temperature at 8 a ax 70 5° Fain 
„ relative humidity at 8 a ax 75 per cent 
„ saturation deficiency at 8 a ax 0 22 inches 

Plague — Except for a few imported cases from Coimbatore, tlieie is no 
history of any epidermc 

Impoits and exports — Paddy, groundnuts and castor oil seeds are largely 
exported to various places Cotton is exported to Tuticoiin, Coimbatore and 
Ramnad and oilcakes to Colombo The chief imports are cereals and pulses 
from Mysore, Bombay Presidency, and Northern India and rice from Rangoon 
and Cocanada 

Survey —The town practically consists of only two areas, the central 
market area with bazaar and godowns and the outer residential area 

Rodents— Details are given in Table III Four hundred and forty-nme 
R lattus neie trapped The highest rat density of 70 was obtained in the 
grain godonns Ail the lats tfapped were autopsied and then spleen smears 
examined B pestis was not found 

Fleas— Details are given in Table III In all 2,895 fleas were examined 
-2,843 X astia and 52 X cheopis Thus the predominant flea at Tnchinopoly 
IS .Y astia Cheopis Avas found exclusively in the central gram godowns area 


♦This place was survejed by Jamadar F Jesudasan, rarj) 
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A Rat-Flea Siuvey of the Mach as Piesulency 



Percentage of female rats 53 5 Replenishment iiile foi 100 rats per day 5 8 

Percentage of pregnant females 491 Peicentage of chcopis females to total c/icopii 32 7 

Percentage of pregnant females to total rats ' 34 5 Peicentage of aUia females to total aslia G5 9 

Average number of foetuses . 2'7 
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showing very clearly that it is a foieign invader Some loose flea work was 

done with results as follows — ' 

\ . .. 


Locahty 

Number of 
‘ de-fleaed ’ 
rats 

Loose 

cheopis 

Loose astxa 

Loose brasv- 
1 liensts 

Ratio between 
cheopis and 

astxa indices 
m the same 
localities 

Gram godown, market 
area 

12 

15 



'0’2/l 

Railway godown for 
gram and merchandise 

12 

3 

27 

1 

- 0/1 m'-r 


c-''- As seen the proportion of loose cheopis to loose astm in the gram godowns 
v>as six times the proportion of cheopis to astia found on lats ' It is interesting 
to note that one specimen of X biasihensts was found m the railway godowns; 
showing how this flea is being impoited " t 

SuMMABI 

- n 

(1) Foul hundred and foity-mne B lattus weie trapped None showed, 
signs of plague 

(2) Two thousand eight hundred and ninety-five fleas weie examined of 
which 99 pel cent were astxa and 1 pei cent cheopis X astia with an index 
of 6 IS the pi evading flea A few cheopis weie found in the central market 
area only and the one loose hi asiliensis was caught in a railway godown These^ 
two species have been imported Cheopis now seems to be moderately well 
established in the central area 

(3) There has been no plague so far 

(n) Coimbatore ^i^Januaiy-Febiuaiy 1930) 

Coimbatore, a municipal town, is the*^ headquarters of the district of 
the same name It has an aiea of about eight square miles and is an 
important industrial centre with its cotton mills, ginning presses and large tea 
and coffee dealing houses It has railway communications with the Nilgiris, 
the west coast, Madias and the south 

Population — ^The population according to the census of 1921 is about 

66,000 

Housing and sanitation — Except in the town extensions, the houses generally 
are dark and ill-ventilated and adjoin one another They are mostly roofed 
with country tiles and afford facilities for the breeding of rats The place is- 
fairly clean and sanitary 

Climate and rain/all — Coimbatoie has a healthy climate and is compara- 
thely cool tluoughout the year The mean monthlj temperature (8 am) m 


♦This place uis sunejed bi' Dr D S ManJoiar 
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1929 vaiied fiom 72°r m Januaiy to 82°F in May The average annual 
lamfall is about 25 inches 

Peuod of suivey-29th Januaij, 1930 to 2bth Februaiy, 1930 
Mean dry bulb teinpci atm e at 8 a m 73° Fain 
„ wet bulb teiupeiatuie at 8 v n 70° Fain 
„ lelative humidity at 8 \ m 82 pei cent 

„ satuiation deficienc} at 8 v m 0 15 inches 

E%po)ts and i))ipo)ts — The chief pioduce of the district is cotton, cholam 
and tobacco Ginned cotton, yarn and cloth nie the chief exports to Madras 
and the southein distiicts Tea and coftee fioin the Nilgiris aie exported to 
almost every place in India Paddy, giam and miscellaneous articles form the 
chief impoits fiom the west coast A small quantity of cotton is imported 
fiom Bombay 

Plague — ^The histoiy of plague in Coimbatoie dates back to 1903 There 
IS no lecord of how infection ivas intioduced, but it was piobably from Mysore 
State Plague fiist staited m Octobei 1903 The numbei of cases is not known 
1904 and 1905 were compaiatively fiee and theie weie a few imported cases 
from 1906 to 1909 Severe epidemics staited in 1910 and every successive yeai 
plague laged in a veiy seveie foim and has been lesponsible foi more than 
8,000 attacks and 5,000 deaths from 1910 to 1924 In 1924 theie w’eie only eight 
attacks and deaths and since then theie have been no cases and the place had 
been remarkably free from plague This fieedom lequiies explanation Possibly 
it is the result of an extensive municipal lat-tiappmg campaign which has 
yielded about 21,000 rats a year since 1922 and wdiich appears to have 
definitely diminished the numbei of lats 

Rodents — See Table IV Only 325 B lattus and 6 bandicoots were 
trapped duiing the survey This is explained by the lat-trapping campaign 
mentioned above The R rattus weie mostly biown-belhed, only 66 specimens 
of white-belhed lats being found The cotton seed godowns above showed a 
high rat density The bazaar, residential quarters and the cotton mills had 
comparatively low lat densities As usual, the peicentage of female rats was 
larger than that of males 

Fleas — See Table IV Duiing the survey, all the three species of 
Xenopsylla weie found and these weie present m all the localities of the town 
X cheopis, howevej, is the prevailing flea of Coimbatore, next comes X biasi- 
hensis and lastly X astia The cotton mills showed a veiy high general flea 
index of 13 56 and a specific cheopis index of 12 81 The bazaai and cotton 
seed godowns come next with general flea indices of 6 31 and 6 23 The cheopis 
indices for the same localities aie 3 22 and 1 82 lespectively 

It should be noted that out of 570 fleas examined from the cotton mills 
538 were cheopis and only 12 astia and 20 brasihensis The cotton seed godowns 
show a higher index for brasihensis (3 64) than for cheopis (1 82) The rice 
godowns which show a general flea index of only 4 20 show a higher cheopis 
index than the cotton seed godowns 
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- Loose fiea observations —During the survey, ‘loose flea’ experiments with 
‘ de-fieaed ’ rats weie cairied on in cotton mills and iice and cotton seed godowns 
The results aie given in Table V The great numbei of loose cJieopis m cotton 
mills and cotton seed godowns as compaied with the paucity of loose fleas 
elsewhere is noteworthy 

StJMMAK\ 

(!) Three hundred and thirty-one rodents weie ti apped, 6 bandicoots- and 
the rest R rattiis The high rat density in cotton seed godowns alone with -a 
low density elsewheie is noteuoithy 

(2) Tuo thousand and fifty-seven fleas weie examined, out of which 10»2 
pel cent weie X astia, 25 8 pei cent weie X biasihensis and 64 pei cent were 

> X cheopis X cheopis is the commonest rat flea of Coimbatoie and is 
particulaily pieialent in the cotton mills 

(3) Theie iieie severe epidemics of plague from 1910-1924 since when the 
town has been lemarkably free This piesent immunity is probably associated 
with the effective rat campaign that is being carried on 

REPORT NO XIII 

COCHIN, CALICUT AND MANGALORE ON THE WEST COAST 
(\) British Cochin and Matt^vncherra * (Januaiy 1930) 

Biitish Cochin is the headquarteis of Cochin taluk m Malabai district 
It IS a municipal tonn with a population of 20,637 The town is built on a 
narrow strip of land between the back-watei and the mouth of the Cochin river 
It IS the most important seapoi t on the west coast of India south of Bombay 

Mattancheiry, in Cochin State, is continuous with Biitish Cochin It is 
also a municipal town with a population of 24,664 Commeicially it is as 
important as British Cochin Almost all the grain godowns are situated here 
They have much back-water trafBc with Ernakulam and Alleppy 

Climate — ^The place is low and swmmpy and so the climate is very damp 
The mean annual temperature is SO^F and is veiy uniform throughout the 
year vaiymg from a monthly average at 8 aai m 1929 of 75 ‘’F m January 
to 84°F in May Even dm mg the dry season of the yeai, the air is very 
nuniid, owing to fiequent showeis The aveiage annual rainfall is 113 3 inches, 
of which 73 05 inches fall during the south-w'est monsoon from June to 
September The aieiage meteoiological conditions, as observed during the 
survey, aie given below — 

Period of survey-lst Januaiy to 21st Januaiy, 1930 
Mean diy bulb temperatuie at 9 am 80 3° Fahi 
„ wet bulb temperature at 9 am 76 5° Fahr 
' „ relative humidity at 9 am 84 per cent 

„ saturation deficiency at 9 am 0 18 inches 


* These two places were stun eyed by Dr P V George 
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Commeue — Coclun impoitb laige qimntiticb of iice fiom Rangoon, Akyab, 
^Cocanada and Calcutta Wheat, bailej and pulses aie imported fiom Bombay 
and Kaiaclu The chief cxpoits aie peppei, copia, coco-nut oil and coir 
Plague — ^Apait fiom two nnpoited cases m 1928, Biitish Cochin has not 
had plague Mattancheiiy had two small epidemics of plague, one in 1919 with 
20 deaths and the othei m 1928 witli 14 deaths Both these epidemics w'ere 
m the lainy months of June, July and August, which aie also the coolest 
months 

Duimg both these epidemics lat-falls commenced two weeks earlier, and 
continued to occur in 1919 foi two months and m 1928 foi ovei 4 months after 
the teimination of the epidemic Fuithci, it appeals that the number of rat- 
falls was unusually gieat considciing the nurabei of human cases In 1928, 
659 rat-falls weie officially lecoided m INIattancheiiy and a few' in British 
Cochin also, but it would appeal that thm numbei is only a small fraction of 
w'hat actually happened Bacteiiological examinations done by' the Health 
Department of Cochin State weie positive in 42 pei cent of the rats examined 
Local inquiry also show's that piactically eveiy yeai lat-falls are of common 
occurrence but aie not accompanied by human cases Even during the period 
of this suivey theie w'eie a few lat-falls in Mattancheiiy So rat epizootics 
seem to be common, while human plague on the othei hand is infrequent 

The suivey was done m Januaiy' 1930 All lepiesentative aieas were done 
and also an island oft Biitish Cochin 

Rodents —One hundied and sixty -nine lodents weie trapped, out of which 
127 w'eic R lattus, 34 R noivegicus, 7 musk-iats and 1 bandicoot 

Although most of the specimens of R noivegicus w'eie obtained in the 
godown areas m Mattancheiiy and Kalvetty Bazaai, yet they w'eie also obtained 
fiom places away from trade centies and from Vypen, an island opposite 
British Cochin 

From Table I we may note that the lat density was unifoimly low in all 
areas, except Mattancherry Bazaai This low density cannot be explained by 
any rat catching done locally It is piobably due to the fiequent lat epizootics 
of plague or some other disease, that occui here 

All rodents obtained were autopsied In two specimens, scais of healed 
abscesses were noticed on the spleens All spleen smears were negative for 
B peshs 

Rat- fleas — ^Foui hundied and thirteen fleas were gatheied and of these 
341 were X astia, 71 X biasiliensis and 1 Ctenocephalus felis 

Table I gives the flea indices, etc , for the different places The flea indices 
were unifoimlV low m all the areas, ranging from 15 in residential areas to 
3 in Amaiavatlw Bazaar 

X brasihenm was obtained only in the bazaars of Mattancheiiy, Kalvetty, 
and AmaravathyV and these aie the areas where the giain godowns are all 
situated This fleaWas conspicuously absent from the extensive godowns m 
British Cochin, whidh store export materials such as pepper, copra, com, etc. 
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Poicentage of female rats 05 Eeplemshinent rale of 100 lats per day 

Pcicentage of pregnant female R ratlus to total Percentage of female X astui 

females 13 Percentage of female X br(tstltensia 

A\ 01 tgo munbei of foetuses per pregnant female 6 2 
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In Biifcish Cochin biasiliensei fleas ucic obtained only in the piemises of godowns 
situated close to Mattancheii v 

The specific aslia index of R mttus was 2 15, while that of R norvegicus 
was 3 92 In bi asilioiisi^ aicas, the •'pecific bt cisilicnsi'i index foi R rattus 
was 0 9 w'hile that of R noiveqicus wa^ 1 0 

The low^ness of the flea indices which la common to all aieas is to be noted 
The total absence of cheojns has to be noted Since theie have been a few 
cases of plague in Mattancheirv as icccntly as 1928, when it is very unlikely 
that cheopis w'as picsent, w'e conclude that cither astia or b) asiliensis was the 
vector 

Epizootics not plague — The most ^ti iking feature of plague in Cochin is 
that the epizootic was out of all piopoition to the epidemic The reason is not 
obvious The lat-falls w'cie nioie numeiou=? in jNIattancheiiy Bazaar and this 
is also the aiea wdieie bi asiliensis fleas pievail This suggests eitliei that 
biasihensis is a moie efficient vectoi foi lat plague thin foi human plague or 
that theie was some othci epizootic piesent not communicable to man There 
IS some evidence for the lattei in the lepoit on Calicut 

SmiMVRY 

(1) Of 169 lodents 127 weie R lattns, 34 R noivegicus, 7 musk-rats and 
1 bandicoot The lat density was low in all aieas, except Mattancherry 
Bazaar 

(2) Of 413 fleas collected 341 w^eie *Y astxa, 71 X biasihensis and 1 
Ctenocephalus jelis The flea indices w'eie veiy low m all areas 

(3) Epidemics of plague in the past weie piobably caused by X biasihensis 
01 X astia 01 by both 

(4) The lat epizootics pievalent need furthei investigations 

(5) Consideimg the mcieasing tiade of this impoitant poit, and the risk 
of expoiting infection, sustained plague preventive measmes such as lelief of 
housing congestion, impioved sanitation and lat destiuction aie indicated 

(b) Calicut* (Januaiy-Febiuary 1930) 

Calicut, the headquarters of Malabai distiict, is a municipal towm with a 
population of 82,334 It is an important tiade centre, being on the mam line 
of the South Indian Railway Its sea-boine tiade is hampered by the absence 
of a shelteied haibom 

Climate — ^The temperature is extiaordmanly uniform, the mean monthly 
tompeiatuie at 8 xm in 1929 varying fiom 76°F m January to 85°F m May 
The average annual rainfall is 118 45 inches, of which about 89 inches fa 
during the south-west monsoon from June to September The average per- 
centage humidity is hi>h-82 5-var3ang fiom 90 pei cent m June, July and 

*This pl^^9e was surveyed by Dr P V George 
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August, when the monsoon pievails, to 72 per cent in January The observa- 
tions made duiing the period of survey were as follows — 

Peiiod of survej'-22nd January to 18th Febiuary, 1930 
Mean diy bulb temperature at 9 am 80 6° Fahr 
„ wet bulb temperature at 9 a M 72 2° Fahr 
„ relative humidit}'^ at 9 a m 70 pei cent 

„ saturation deficiency at 9 a m 0 3 inches 

Housing and sanitation — Housing conditions seem to have a bearing on the 
endemicity of plague, for while the chief commercial areas like Big Bazaar 
Street remain practically free from infection, it is found that year after year 
plague occms m certain low and middle class residential areas like Vellayil, 
Chettiada, JCappakal, Kaniamukuparambu, Annakulam, etc The houses m 
these crowded areas are simply huts with mud floors and palm-thatched roofs, 
standing in small gardens or coco-nut topes without any order They are poorly 
hghted and ventilateo, and the prevailing conditions are ideal for both rats and 
fleas Their mhabitants are mostly fisheimen 

Commerce — ^The chief exports are tea, coffee, pepper, copra, coir, coco-nut 
oil, etc , products of the Hilgiri and other hills and of the adjacent coast lands 
The chief imports are grains and pulses from Bombay, Rangoon and Bengal, 
and raw cotton from Coimbatore, Bombay, etc 

Plague — Calicut had plague first in 1907 and then for the next 10 years 
the town was free The infection reappeared in 1921 and has occuired every 
yeai since then Duiing this survey plague was epizootic and epidemic Out 
of 480 autopsied rats, two showed caseatmg glands in the groin, smears from 
both showing B pestis Spleen smears from five other trapped rats also showed 
B pestis, of these four had been tiapped in Vellayil, the chief plague focus of 
the town Durmg the survey 14 dead rats picked up by the municipal plague 
staff were examined and the spleen smears of five showed B pestis 

The monthly figures for attacks from plague for the last two years are as 
follows — 
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Thus plague appears to be practically continuous in Cahcut, the only break 
that occurs is the short one due to the hot weather in April, Ivlay and June 

Sui vey —The sun ey was done in February 1930 All representative areas 
m the tonn were sui\eyed 
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Rodents — Four hundiccl and eighty lodents were trapped and of these 
450 weio R lattus, 28 R no^veqicus and 2 wcie bandicoots 

The distubution of R no)vc<)icus was found practically limited to Big 
Bazaai Sticct, nhich commences fiom the beach and urns light acioss to the 
centie of the town It is to be noted that this sticet contains all the godowns 
foi impoited giains, suggesting, what we alread> know' on othci giounds, that 
R noivegiciis has been imported 

Table II gives the lat density foi the difteicnt areas in the town It is 
seen that the rat density is not veiy high m any of the aieas, and as usual 
bazaai aieas show highei densities than otheio One good leason foi the low 
lat density is the epizootic of plague But there is some evidence that an 
epizootic, as yet unidentified, that is not plague, has also been at work in 
killing lats This will be discussed latci 

Among R 'lattus 64 per cent weie females, and out of these 14 8 per cent 
weie piegnant This compaiatively low' piegnancy rate may be accounted for 
by the season The leplenishment late was correspondingly low-(3) The 
rainy season geneiall}' shows a liighei late 

Rat-fleas — Out of 2,885 fleas gatheied, 919 weie X astia, 1,661 X cheopis, 
205 X bi asihe7isis, 6 C tenocephalus fehs and one Pule^ vntans 

Among the 3 species of Xenopsyllce, asha and cheopis weie obtained from 
all aieas, wdiile biasiliensis w'eie only obtained fiom the Big Bazaar Sheet, 
evidently pointing to its impoitation fiom the hinterland with giains 

Table II shows the geneial and specific flea indices for R lattus and 
R nowegicus As is usual, the lattei haiboured more fleas, the geneial inde\ 
being moore than thiee times the foimer 

The geneial flea index was fauly unifoim in all aieas, with tw'o exceptions. 
Big Bazaai Stieet and Kallai Cotton mill, which weie two and thiee times the 
average respectively 

In all thiee species of Xenopsyllce, the males predominated, but more 
markedly with biasiliensis 

An epizootic, not plague — The evidence foi this is as follows — 

(1) Duiing 1929, 430 lat-falls were recoided in Big Bazaar Stieet alone, 
while only 82 lat-falls weie recorded from all the lest of the town On the 
othei hand, in this year only one human plague-death was traced to Big Bazaar 
Street, while 33 deaths occur led in the lest of the town Thus there would 
appear to be some disproportion between lat-falls and human plague cases m 
the two classes of areas (1) the godown and bazaar aieas where there are many 
rat-falls but little plague, and (2) the lesidential areas such as Vallayil where 
there are a few rat-falls and nearly all the human plague 

(2) During the survey, in spleen smears from 6 autopsied rats, some stout, 
rod-shaped bacilli, without any definite bipolar staining, were observed Simdm 
organisms were also found in 7 out of 14 dead rats examined during the same 
period These bacilli were probably not putrefactive organisms since they were 
found even in rats which were examined from one to two hours after death 
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Peicontage of female R raitus 64 Replenishment rate of 100 rats per day 

Percentage of pregnant 148 Percentage of female astta 

Percentage of pregnant to total rats 9 4 Percentage of female brasihensis 

Average number of feetuses per pregnant female 5 1 Percentage of female cheopis 
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Glows wcic dying in laige ninnbci'!> m tlie town, and in two specimens examined, 
the smeais fiom the thiout, spleen, etc, showed \ariou3 bacilli, some of which 
appealed moiphologically similar to the bacilli found in rats In one spleen 
smeai fiom a captuied aiitopsicd lat in Cochin snmlai oiganisms were seen 

No fuithei examination was done and so no definite conclusions can be 
leached, but since lat epi/ootics aie nnpoitant as a means of controlhng plague, 
this epizootic will piobablj be woith fuithei investigation A rat epizootic 
like plague (D’Aai disease) has aheady been reported m Africa by J B 
Mitchell in the Joiunal of Hygieae of Febiuary 1930 


SUMXLUl'i 

(1) Four hundied and eight} lodents w'eie tiapped, 450 w'ere R rattus, 
28 weie i2 am nei/zcns and 2 bandicoots R /loi nepicas was caught only from 
Big Bazaai Street 

(2) Twm thousand eight hundied and eighty-five lat-fleas w^ere identified, 
919 were X astia, 1,661 X chepis, 205 X b)ai>iliensis, 6 Ctenocephalus jehs 
and 1 Pulex xmtam 

The specific cheopis index foi Kallai Cotton mill was about five times the 
average X biasikoms fleas w^eie obtained only fiom godowns in the gram 
trade area 

(3) Theie is some evidence foi the existence of an epizootic fatal to rats 
that IS not plague 

(4) Plague has been endemic for the last seveial years, and all factors 
present favour its continuance More vigorous and sustained preventive 
measures aie indicated paiticulaily m the improvement of housing conditions 
and sanitation 


(g) Mangalore’" (Febiuary-March 1930) 

Mangalote, the headquarters of south Kanaia district, is a municipal town 
with a population of 53,877 It is an important seaport trading with many 
small ports on the west coast, and with Bombay, Colombo and Rangoon, except 
during the south-west monsoon when sea traffic practically ceases It is also 
the terminus of the South Indian Railway in the west coast of the presidency 
The town is suiiounded on three sides by water, being situated on the back-water 
formed by the convergent mouths of two rivers 

Climate — ^The town enjoys a fairly uniform temperature resembling 
Calicut The mean monthly temperature at 8 a m in 1929 varied from 76°F 
in January to 84°F in May The average annual rainfall is about 133 85 


*This place was surveyed by Dr P V George 
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inches, of which about 113 96 inches fall from June to September The average 
meteorological conditions as observed durmg the survey are as follows — 

Period of survey-19th February to 9th March, 1930 
Mean dry bulb temperature at 9 a m 81 5° Fahr 

„ wet bulb temper ature at 9 a m 74 0° Fahr 

„ relative humidity at 9 am 71 per cent 

„ saturation deficiency at 9 a m 0 33 mches 

Commerce — ^The chief imports are grams from Bombay and Rangoon and 
cotton yarn The chief exports are coffee grown m Mysore and Coorg, areca 
nuts, cardamoms, sandalwood oil, tobacco, bricks and tiles 

Housing and sanitation — Most of the houses have tiled roofs and tiled 
floors The sanitary conditions are good and the whole town present a 
picturesque and clean appearance 

Plague — ^Plague first occurred m 1902, and except m 1920 and 1921, 
reappeared yearly up to 1927 causmg 169 deaths a year on the average Every 
part of the town had plague m one or other of these years The town has been 
completely free from plague for the last three years Why, it is not apparent 
Rat catching has been going on from 1902 onwards In September 1925 a few 
cases of pneumomc plague occurred Figures for seasonal prevalence are not 
available, but according to Lieut -Col A J H Russell’s repoit on the geogra- 
phical distribution of plague in the Madras Presidency, the plague curve for 
the district of south Kanara is similar to that of Malabar The lowest death 
rate, 0 03 per mille, occurs m June and after an mcrease to 0 13 per mille m 
September, a slight fall is noted m October and November, soon followed by a 
nse to the low maximum of 0 21 m March 

The survey was done m February-Maich 1930 All representative areas 
and also a small fishmg, sea-coast vifiage, Thanneerbhavi, were surveyed, and 
the data have been tabulated for the different types of area 

Rodents — ^Four himdred and two rodents were trapped, of these 351 were 
B rattus, 28 house mice and 23 musk-rats 

Table III shows the rat density, etc , for the different areas Despite the 
contmued rat catchmg (16,000 last year), the rat densities are just about the 
average 

Rat densities were highest in the commercial areas Female rats predoim- 
nated m all areas, and the replenishment rate for 100 rats per day was found 
to be 4 7. Musk-rats and house mice abounded 

AH rodents obtamed were autopsied and spleen smears exammed with 
negative results for plague 

Rat~ fleas Two thousand and fifty-one rat-fleas were exammed, of these 
482 were X ostia, 396 X brasihensis, and 1,170 X cheopis and 3 Ctmocephalus 

JgIiIS 

Table HI gives the flea mdices for E rattus m the different areas It is 
to be noted that here, just as m Cochm and Cahcut, the distribution of 
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Percentage of female R rattus 74 ReplcnislimonL late of 100 rats pei day 

Percentage of pregnant female R rattus 22 Peicontagc of female astia fleas 

Percentage of pregnant female R rattus to total 16 Peiccntago of female hrasihcnsis fleas 

Average number of foetuses 4 7 Pej centagc of female cheopis fleas 
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X brasihensts was limited to the wholesale gram trade area compnsed of 
Golhkatta Bazaar Street, Bundm Street, Port Road, Alimuchi Bazaai and 
Kakidi Bazaar It is curious that the Market Bazaar, and the Car Street 
which form the chief retail bazaar aieas, showed only one brastliensis flea in 
159 fleas 

Cheopis was the predominating flea in all areas except m Golhkatta Ward 
wheie brastliensis also prevailed in almost equal pioportions Cheopis was 
also the chief flea m Thannerbhavi village, which is separated from Mangalore 
town by a broad river 

As seen fiom the table, the flea indices, especially the cheopis index, were 
fairly high m all areas From 21 musk-rats caught alone m traps, 78 fleas 
were collected, givmg an astia index of 0 38 and a cheopis index of 3 3 

Summary 

(1) Four himdred and two rodents weie trapped, 351 were R rattus, 28 
house mice and 23 musk-rats 

(2) Two thousand and fifty-one rat-fleas were gathered, of these, 482 were 
-Y astw,, 396 X bras^l^ensls, 1,170 X cheopis and 3 Ctenocephalus felts 

The highest cheopis index was found m the insanitary fishermen’s huts 
m the town The distiibution of cheopis and astia was general, while that of 
brastliensis was limited to the areas of wholesale trade in imported grains 

(3) In addition to caiiying on the rat campaign with vigour it would be 
of distinct benefit to rat-proof godowns 
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Introduction 

During the winter months of 1921-22 the R I M S ‘ Investigator ’ was 
engaged in a survey of Nankauri Harbour m the central group of the Nicobar 
Islands, and the opporturuty was taken of collecting and evaminmg for trematode 
parasites such fresh-water molluscs as could be found m the neighbourhood 
Owmg to the general configuration of the islands any permanent collections of 
purely fresh water aie few and far between, four such areas, however, were 
found and investigated, namely — 

(1) A small stream flowmg into Nankauri Harbour near Ray Pomt m 

Camorta Island, 

(2) A small muddy pool near the edge of a mangrove swamp on the margin 

of Back Bay on the east side of Camorta Island, 

(3) An artificial lake, made by throwmg up a ‘ bund ’ or dam across a 

small ranne on the north side of the old settlement at the south- 
east end of Camorta Island, and 

(4) A marshy area behind a grove of palm trees about half a mile to the 

north of Naval Point, on the east side of Camorta Island 

The species of fresh-water molluscs that were obtained from these locahties 
were — 

Melanoides mcobanca Morch , 

Melanoides crebei (Reeve), and 
Net etina ziczag (Lam ) Sow 

The onl> species that was found to be harbourmg parasites was Melanoides 
creber (Reeve) and from this single species of mollusc no less than five species 


♦A monographic studj of Indian cercan® by aiajor SeweU was published as a suonle- 
mental^ \olume m this Journal (Vol X, Cercance oidtcce) 
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of tiematocles and in one instance infection with an indeterminable sporocyst 
weie discoveied The late of infection by the different species of trematode 
in the diffeient nionths dining \iluch I was able to make obseivations is given 
in Table I 

In one instance a double infection, by Ceruuuc nicobancm I and IV, was 
encounteied m the month of Deccmbei 


Tvblb I 

Showing the distHbution of infection in Melanoides ciebei [Reeve) in each 
month, dining which obi>ci vatioiw weie made 


Month 

Ccrcana nicohanca I 

Ccrcana nicobarica II 

Ccrcana 7i7cobanca III 

Ccrcana nicohanca TV 

Ccrcana nicobarica V 

Indeterminate sporo- 
cvsls 

Uninfected 

Total number examined 

Percentage infected 

Locality 

Noverabei 1921 

0 

1 

1 

1 

! 1 

1 

2 

7 

714 

1 

December 1921 

1 

2 

0 

5 

2 

0 

9 

IS 

5ffO 

1 

1 

Januaiy 1922 

0 

0 

14 

0 

0 

0 

7 

21 

66-7 

2 

Total 

1 

3 

15 

6 

3 

1 

18 

46 

60 87 














THE ‘ PLEUROLOPHOCERCA ’ GROUP 
Cercaria nicobarica 1 , sp nov 

(Plate XLVI, fig 1 ) 

This cercaiia was somewhat sluggish 

The body m a state of moderate extension measured 0 384 mm m length 
and 0 123 mm in breadth, the tail was long and tapeiing and measuied 
0 439 mm m length The body was naiiowly elongate having its greatest 
width about one-thiid of its total length from the anteiioi end, fiom this point 
it tapeis to a rounded anterioi extremity, the extreme anterior part, containing 
the 01 al sucker, being m certain stages of contraction sharply demarcated by a 
transverse groove Poster loily the body is truncated The smface of the body 
is armed thioughout the anteiioi two-thnds of its length with numeious small 
backwaidly-diiected spines that aie set in transveise rows There is no trace 
of any acetabulum oi of lateral locomotor pockets The tail is attached on the 
vential aspect of the posterioi end of the body and is about two-thnds of the 
width of the body at its base One-third of its length from the base a delicate 
fin-fold commences in the mid-dorsal line and is continued back around the 
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extreme tip of the tail, wheie it becomes continuous with a ventral fold that 
can be traced forwards for about one-third of the length of the tail This 
fin-fold shows a numbei of fine 'rays’ resembling setae, but these appear to 
me to be due to the folding of the delicate membrane and not to any definite 
supporting structures At its base well-maiked longitudinal muscle fibres can 
be seen passing backwaids in the substance of the paienchyma Unlike the 
closely allied monostomes, Ceicance indicce VII and VIII, there was no pigment 
in the body and I was unable to detect any eyes, even unpigmented 

The anterior region of the body is occupied by a rounded oral sucker, the 
anterior lip of which is provided with a double row of minute highly retractile 
spines I was unable to detect any mouth or pharynx The central portion of 
the body is occupied by a conspicuous mass of pyrifoim salivary cells, having 
granular protoplasm and round clear nuclei There were in all fourteen such 
salivary cells From these ducts could be traced foi wards to the posterior 
margin of the oral sucker, and they piobably open near the row of spines 
mentioned above 

Lying m the posterior half of the body behind the salivary cells is a 
U-shaped mass of small round granular cells, these I take to be the cells cover- 
ing the excretory bladdei The excretory oiifice is situated on the dorsal aspect 
of the point of attachment of the tail I was unable to detect any excretory 
tubules or flame cells 

Development occuis in sausage-shaped redise that vaiy m size from 
0 507 mm to 0 740 mm in length and from 0 110 mm to 0 164 mm in 
bieadth In young immature lediae the anterior end is occupied by a roimded 
pharynx and this is followed by a long saccular stomach that reached back to 
about one-half of the total body-length In mature redise the pharynx is oval 
m shape and measures 0 064 mm m length by 0 048 mm in breadth All 
trace of any stomach has completely disappeaied in the largest mature forms 
Even in the small examples in which a stomach is present it is for the most 
part devoid of any contents The cercarise almost certainly leave the redise 
before they are fully mature No mature cercarise weie seen in any redia, 
though in ail the laiger examples several immature specimens were present and 
numerous matuie or nearly mature cercarise weie found free in the substance 
of the livei of the mollusc host The mollusc host in which this cercaria was 
developing was Melanoides creber (Reeve) and the infected individuals exhibited 
a liver of an unhealthy grey colour Examples were taken m the month of 
December 1921 from a small stream at Ray Point, Camorta Island, Nicobars 

This ceicaria clearly belongs to the ‘ Pleurolophocerca ’ group of the 
monostomes It is very closely allied to Cercanoe xndicce VII and VIII but 
diSeis from both in the complete absence of eyes 

The ‘ Pleurolophocerca ’ group was created by me in 1922 in order to 
include i number of species that possess the following characters (1) the presence 
at the anterior end of the body of a piotrusible organ, designed for penetration 
rathei than adhesion and aimed with penetrating spines, (2) conspicuous 
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paired salivaiy glands, composed of several cells, the ducts of which pass forward 
to open on the pcnctriting oigan, (3) the e\crctoiy bladder is renifoim or 
trifoliate in shape and po'^sc■'SCs thick walls, (4) the tail is long and powerful 
and IS piovided with cutuulai fimges or fins, (5) there aie no locomotor 
pockets at the postcio-lateial regions of the body, and (b) development occurs 
in ledim In my onginal account I gave, as a fuithei charactei, the absence 
of an acetabulum The woik of Langcion* and Dubois (1929, p 37) on 
Ccicana plew olophoco ca Sons and C lophocerca Fil has lendcied a modifica- 
tion of this statement necessaiv and Dubois suggests the addition of the follow- 
ing (7) an acetabulum may exist, well dc\ eloped {Ccicmm plcw olophocerca) 
01 much 1 educed {Ceicnnn lophococa) oi may have coinpleteh disappeared 
{CeicancB mdicm and Ylll) 

In this gioup I then placed the following species — 

Ceicana plexa olophoco ca Sons, 

Cexcana lophoceica Fil , 

Cexcana lophoceica Lcboiu {nec Fil), 

Cexcaua indica VII, and 
Cexcana xndica VIII 

I also piovisionally included Ceicaxia indica III, although this species 
exhibits ceitain diffeiences of stiuctine To this gioup must also be added 
Ceicana quadnpteujgia Ssinitzm (1911), wdiich appears to agiee in all essen- 
tials with the othei members of the gioup, and Cercana pai vomelanice Tubangui 
(1928) 

Dubois (1929, p 141) has pointed out that these species do not foim a 
tiue gioup, but are moie of the natuie of a senes m wdiich one can tiace a 
gradual i eduction of the acetabulum The discoveiy of Ceicana mcobanca I, m 
which the above characters are present while certain others are absent, still 
further extends this evolutionary series 

XIPHIDIOCERCARI/E 
Cercaria nicobarica II, sp nov 

(Plate XL VI, figs 2, 3a, 3b and 4 ) 

The cercana is small, the body-length being only fiom 0 086 mm to 
0 138 mm , and the breadth varies from 0 037 mm to 0 068 mm The tail has 
a length of 0 108 mm and a breadth at its base of 0 018 mm The body is 
covered throughout with numerous minute backwardly-directed spines that are 
set m transverse rows and are distinctly larger at the posterioi end on either 
side of the attachment of the tail The anterior end of the body is occupied 
by the lounded oral suckei that has a transverse diameter of 0 034 mm 

* Longeron, M , 1920, ‘ Recherches sur les Cercaires des Piscines de Gafsa et enquete sur 
la Bilharzoise tumsienne ’ Archives de Vlnstitut Pasteur de Tunis XIII (I have not been 
able to refer to this work — ^Author ) 
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sucker is composed of paiencliymatous cells and is only a very feeble prehensile 
organ, so feeble, indeed, that in the absence of an acetabulum, the cercaria 
appears unable to progress ‘ on the fiat ’ The dorsal wail of the sucker is 
occupied by a stylet (Plate XL'\T, figs 3a and 3b) The stylet has the usual 
thickening situated about one-fouith of its length from the anterior end and 
the thick wall terminates about one-fourth of the length fiom the posterior end, 
the eNtreme posterior portion being thin walled The dorso-ventral depth of 
the stylet is one-third of its length, the actual measurements being 0 018 mm 
in length by 0 006 mm m depth The stylet appears to be slender when viewed 
fiom the dorsal aspect but is veiy wide dorso-ventrally There is no aceta- 
bulum The tail is attached on the vential aspect of the body a httle way m 
front of the posterior margin and forms an angle with it, it is completely devoid 
of spmes 

The mouth appears to open near the base of the stylet and from it a short 
pre-pharvn\ passes back to a small rounded pliarjnx, behind this a longitudinal 
band of tissue passes backwards in the middle line to a small elongate cavity 
situated between the two anterior pairs of salivary gland cells 

The salivary glands consist of three pairs of cells The anterior two pairs 
he in apposition with each other m the middle line, they are relatively small 
and have finely granular protoplasm with clear round nuclei The posterior 
pair of sah^ary gland cells are large and conspicuous and he behind and to 
the outer side of the other two pairs, they possess a crenated posterior and outei 
margin and are composed of coarsely granular protoplasm with refractile 
granules, each cell has a clear round nucleus From each cell a wide and 
conspicuous duct passes forwaids and the three ducts appear to wind spirally 
round each other The duct of the posterior coarselj' granular cell is dispro- 
portionately large and might be itself taken for an extra sahvary gland cell 
The three ducts become extremely attenuated at the side of the oral sucker 
and it was only with difficulty that I was able to trace them to then- termination 
on either side of the stylet 

Lying behmd the oral sucker and in front of the sahvary gland cells is a 
mass of hyaline substance, which appears to be made up of two large oval 
masses lying in contact with each other in the middle line behmd the pharynx, 
this I take to be the rudiment of the brain 

About one-fourth of the body -length from the posterior end is a mass of 
small round cells that probably is the rudiment of the future acetabulum 
Behmd and around this is a mass of smallei cells that is probably the rudiment 
of the genital organs, and from this mass a prolongation passes forwards m the 
middle Ime 


The excretory bladder lies a short distance m front of the posterior end of 
the body, It is small and has a remform or U-shaped cayuty From each 
antero-laterai cornu a mam excretory duct aiises and follows a conyoluteri 
course forwards As a result of the constant crossing and recrossmg of the duct 
I found It extiemelj difficult to trace the course of the finer tubules but it 
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seems piobablc that encli main collecting tubule divides into two branches, the 
acces&oiy collecting tubule^ Of these one pasacs foiuards, and after giving off 
a blanch that luns foiuaids and teiininatca in a seiica of capillaiies in and 
aioimd the oial suckci, tuiiia back on itself and aftei sending blanches to the 
biam tciminates in the legion of the genital oigan, the other accessory tubule 
passes backwaids and finally ends neai the e\cretoiy bladdei I ivas quite 
unable to detect any flame-cells, bo that the exact aiiangeiuent of the whole 
system must foi the picaent lomain a mattei of conjectuie, but, judging from 
the aiiangement of the tubulea, the sjatein la a eomphtated one 

Development occuia in small oval spoiocyats, measuiing 0 080 mm m 
length bj 0 040 mm in bieadth Each apoioejat contained tiora one to five 
matuie ceicaiite and in addition a numbci of developing immatuie cercarise 
and germ-balls 

The mollusc host was Melanoides uebo (Reeve), and the livei of infected 
examples was of a giey coloui Infected specimens of the host weie taken in 
tlnee difteient localities in Ganioita Island 

Examination of fuithei examples of Melanoidcs uebe) (Reeve) taken on 
19th Decembei, 1921, fiom a difteient locality, namely a maishy aiea lying 
behind a giove of palm tiees about hall a mile to the noith of Naval Point 
on the east side of the island of Camoita, revealed the presence of spoiocysts 
and ceicaiiffi that very closely resemble the above form but yet difter m 
certain small details of stiuctuie So close is the resemblance, however, that 
I am unable to decide whethei they are identical oi represent a distinct but 
very closely related specres 

These latter forms (Plate XL VI, fig 4) are rdcntical wrth the former as re- 
gards the srze of the cercarim, and the general characters of the bodrly structure 
are also rdentrcal, wrth the followrng differences Behind the pharynx there runs in 
the middle line a narrow band, apparently of fibrous tissue, this passes back 
from the pharynx between the two brain masses and finally ends in a small 
elongate cavity situated between the anterior two pans of salivary gland cells 
Behind this, extending backwaids and outwards in a V, are three pans of round 
clear vacnoles that I take to represent the rudiment of the intestinal ciEca 
As in the other form, the salivary gland on each side of the body consists of 
three pairs of cells Of the salivary cells the anterior pan are small and are m 
close apposition with each other, being separated only by the rudiment of 
oesophagus The posterior pan are considerably larger and have cienated or 
wavy outer margins All three pans of cells possess granular protoplasm, but 
the granules in the anterior two parrs are slightly larger than those of the 
posterior pan, thus exhibiting a condition the exact opposite of that present 
in the former type 

The sporocysts of this type varied considerably in size and were rather 
larger than those of the former The length measurement ranges from 1 087 
to 1 480 mm and the bieadth from 0 348 mm to 0 522 mm In many of these 
spoiocysts one end was produced in a small solid papilla with a rough shaggy 
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surface, as if this had served as a means of attachment to the liver substance 
of the mollusc host 

As already mentioned the mollusc host was Melanoides creber (Reeve) 
and the percentage infection was 16 7 per cent or 1 in 6 Of these six specimens 
examined all were producing young, even the example infected with the trema- 
tode The liver of the infected individual was of a yellow colour, whereas the 
colour of the normal livei is dark brown with a tinge of green 

The absence of a definite acetabulum m the piesent species is of consider- 
able interest I have premouslv (vide Sewell, 1922) described two cercarise, 
namely Cer canoe, indicce LII and LXI, that are clearly closely related to the 
Xiphidiocercaris and yet differ from these distomes in possessing no acetabulum 
Both these monotome forms are characterized by — 

(1) The possession of three to six pairs of salivaiy or penetration gland 

cells, 

(2) the presence of a defimte pharynx, 

(3) the presence of a rounded or bicornuate excretory bladder, from which 

the mam excretory tubes arise on each side and pass forwards to 
about the level of the middle of the body-length and there divide 
mto anterior and posterior collecting tubes, 

(4) the presence of a rounded and undifferentiated mass of small cells 

occupying the position, and presumably representing the rudiment, 
of the acetabulum, and 

(5) development occurs in small oval or rounded sporocysts 

In my previous paper ( 1922) I put forward the view that the central mass of 
small cells was the rudiment of the genital aperture, but m the hght of further 
experience and the work of later authors it seems more probable that it is the 
rudiment of the acetabulum, the development of which has been delayed or 
suppressed 

As I then pointed out, these two species, which I grouped together in the 
‘Ubiquita’ group, appear to be closely related to certain Xiphidiocercarim of 
the distome senes m which the excretory system is of a simple type, although 
I was unable to trace the ultimate distribution of the capillaries or to detect the 
flame-cells In the possession of a defimte pharynx and intestine, the presence 
of three pairs of salivary or penetration gland cells, and of a bicornuate excre- 
tory bladder the present form appears to come near to the ' Parapusilla ' group 
of the Xiphidiocercariffi, in which I included Cercance indicce V and XVI In 
both these forms there are three pairs of salivary gland cells, the most posterior 
of vhich possesses a cienated oi lobulated margin, a well-developed pharynx 
followed by an oesophagus that terminated posteriorly m two short intestinal 
coeca and a bilobed excietorj bladder, but it is probable that the excretory 
system is more complicated than m that group, in the members ef which I 
was able to detect only six pairs of flame-cells, the arrangement of which may 
be represented by the formula 2[ (1-fl-f 1) -f 1) ] = 12 flame-cells 

J, MR 
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Dubois (1929, p 72) lias dcsciibcd two species of niicrocotyloiis cercariie, 
Ceicana helvetica XI and C hclvetica XIT Altiiougli in tlie foimer he was 
able to detect only 9 pans of flanie-ccll'', wiiile in the lattei lie found 12 pairs, 
he gioups the two foiins togctliei in an additional group foi wdiich he proposes 
the name ‘Helvetica’ and gi\cs as the evcietoiv foinuila of the group 
2 [ (2-4-2+2) -[-(2+24-2) ( = 21 flame-cells, which, accoiding to Faust (1924, 
Table II), is chaiactciistic of the Diciocmliime Xeithei of these new forms 
possess anv tiace of an cc=;ophagus, although a well-developed pharynx is 
piesent Finally in the gionps of the Xiphidioccicaiiic that coiiespond to the 
subfaimlio'! Plagioichiina', Biachycceliincc( ?) and IMesOCfeliince, the excretory 
foiraula, accoiding to Fault's table, is 2 f (3+3+3) +(3+3+3) ]= 36 flame- 
cells Tlieic IS thus a piogicssivc inciea-'C in the luimbci of flame-cells in the 
various gioiips but to wdiich gioup the picsent species is most neaily related 
must foi the piesent be left undecided 

TPIE ‘ AIEGALURA ’ GROUP 
Cercaria nicobarica III, sp nov 
(Plate XLVII, figs 5 and 6) 

A Megaluious ceicaiia that is veiy closely i elated to the form desciibed 
by Sonsino unclei the name Ceicmia distomatosa was taken dining the month 
of Januaiy 1922 

The cercaiia swims by means of undulations of its body, the tail tabng 
no part in the process and being chagged behind tlnough the watei, the direc- 
tion of swimming is always iipwaids towards the suiface, periods of activity 
alternating with peiiods of lest 

The body is long and nanow’^ the gieatest diameter occuriing at the level 
of the acetabulum The body-length vanes fiom 0 69 mm to 0 342 mm and 
the breadth from 0 137 mm to 0 247 mm The suiface of the body presents 
a gianulai appearance owing to the picsence ]ust below the cuticle of large 
numbers of cystogenous cells These cells tend to obscuie the finei stiucture 
but I was quite unable to detect any spines on the surface of the body such as 
occur in the closely allied species Cei cana xndica IV Sewell {vide Sewell, 1922, 
p 138, Plate XV) , in this respect the piesent foim agrees exactly with Ceicana 
megalura Coit and with Looss’ account of Ceicana distomatosa Sons Id 
Ceicana indica IV, as I have pointed out {loc cit , p 139), the surface Spme^ 
become much more cleaily visible after encystment but in the piesent form, 
even after this piocess had been completed, I was still unable to detect any 
spines on the suiface of the body The tail is taper mg and at the base has 
a diameter of 0 066 mm , its length varies fiom 0 397 mm to 0 493 mm , it is 
thus appreciably shorter than in Ceicana indica IV, in which it measures from 
0 438 mm to 0 614 mm and still more so than in Cei cana megalui a Cort, who 
gives tne measurement m his examples as from one-half to ten times the length 
of the bony The extreme tip of the tail is occupied by the characteristic 
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glandular organ and in this species there are ten cells present, whereas in 
Ceicana indica W theie are onh foui and in Cet carta megalura Cort there are 
from fifteen to twentj , m this respect the present specimens agree exactly with 
Looss’ description of Cercatia distomatosa Sons The acetabulum is situated 
slightly behind the middle of the body-length, the pioportions of the pre- and 
post-acetabular regions being 20 to 16 Its diameter is 0 089 mm 

The anterior end of the body is occupied by an oval or rounded oral 
sucker, haring a ti ansveise diameter of 0 67 mm and an antero-postenor 
length of 0 82 mm 

The mouth is situated at the anterior end in the centre of the oral sucker 
and leads back, tliroiigh a slioi-t pie-pharynx, to a well-developed rounded 
pharj-nx, having a diameter of 0 040 mm from before backwards and 0 037 mm 
nom side to side Two distmct regions can be recogmzed in the pharyngeal 
bulb, namely an anterior muscular zone and a posterior region composed of 
small round cells that may have a glandular function The pharynx is followed 
b\ a wide oesophagus that aftei a short course bifurcates into two long intestinal 
cceca, these run back to the posterior part of the body, terminating on a level 
with the anterior end of the excretorv bladder I was unable to detect any 
sahrarv ghnd cells but a number of ducts passmg forwaids on either side of 
the phai-jmx could be traced to the anterior margin of the mouth where they 
open on the surface, the teirmnal part of each duct is marked by a short 
retractile body 

The excretorA’- s\stem presents the same mam characters as that of 
Ceicaua uidica R'’ The excretorv vesicle is pjniform in shape and opens to 
the exterior by an excretorv pore situated at the posterior end of the body on 
the doisal aspect of the attachment of the tail From the trimcated anterior end 
of the bladder two mam excretorv canals pass forwards to the level of the 
phar\nx and then turn backwards till they reach the level of the acetabulum, m 
tins second part of the tube there are situated three cihated patches m which 
the cilia work forwards At the lerel of the acetabulum these canals bifurcate 


into anteiior and posterior collecting tubules There are m all fifteen pairs of 
flame-cells in the bodj m the positions shown m Plate XLITI, fig 5 I was 


unable to trace all the connections but the anterior six pairs of flame-cells ap- 
peared to be connected with the collecting tubes m sets of thiee and it is probable 
that all fifteen aie arranged m this manner In this respect the present species 
presents a contrast to the form previously described by me, Cercana mdica IV 
Sewell (1922, p 138, Plate X\^ fig 3) In this latter form I could detect at 
least fourteen pairs of flame-cells m the body, though, as I then stated, I was 
ne\er alile to make out all the flame-cells m the same mdmdual These 
fourteen cells appeared to be connected with the collecting tubules m groups 
of four m the anterior part of the body and m groups of tliree m the posterior 
region Further mr estigations m order finally to establish the basic pattern of 
the system in tins group is emmently desirable I was able to trace a strand 
of tissue commencing from the posterior margm of the excretory bladder and 
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lunning foi a slioit distance down the tail-stem, after which it divided into two 
stiands wdiich lan diagonallj to the suilacc, this coiie^poiuh exactly m position 
w’lth the caudal c\cietoi\ canal in Ccicana distomnlosa Sons, as figured by 
Looss and also shown 1)\ ]Manson-B<du and Fan lev, but I was unable to 
convince myself that it actually toimed a patent canal 

The genitalia consist of a mass of small lound cells lying in fiont of the 
excictoiy bladdei, wdneh lepiescnts the o\aiy, and lioin this a column of cells 
passes foiwaids tow aids the acetabulum In fiont of the acetabulum and 
between the di\crging intestinal ciccaj lies a second cell mass, the vagina or 
genital oiifice I was unable to tiace any complete cellular connection between 
these two cell masses, "O that in this icspcct this foim aFo agrees exactly with 
Ceicana chstomatosa 

The neivous system consists of two tiiangulai ceiebial ganglia or brain- 
masses, hing on each side of the pie-phaijnx and connected together by dorsal 
and vential commissuies Anteiioily a pan of noives, one flora each ganglion, 
pass foiwaids to the ‘^idcs of the suckei and a laige neive passes backwaids 
lateially to the acetabulum foi about two-thiids of the body-length 

Development takes place m icdimand theie appeals to be raoie than one 
geneiation of ledue 

A mature ceicaiia-pioducing ledia (Plate XLVII, fig 6) measuies from 
1 945 mm to 1 575 mm m length and fiom 0 205 mm to 0 274 mm in breadth 
A pan of w'ell-maiked locomotor processes are present about one-fifth of the total 
body-length from the posteiioi end The mouth is situated terminally and is 
suriounded by thick, well-developed lips A bnth pore is piesent but its posi- 
tion appeals to be slightly vaiiable, ranging fiom onc-foiiith to one-sixih of 
the body-length fiom the anteiioi end The body wudens from the mouth to 
the legion of the bnth pore and the sides then remain more oi less parallel till 
the region of the posterior locomotor processes behind which it tapers to a 
conical tail or may be more or less rounded with a blunt terminal process The 
anterior end of the redia is occupied by a well-developed pharynx, having a 
diameter of 0 062 mm This is followed by a long intestine that varies somewhat 
in length with the age of the ledia, m immatme ledise the intestine reaches 
back as far as the posterior locomotor processes but in mature examples it 
only extends to a level about half-way between the birth pore and the locomotor 
process The intestine is filled with scattered orange or yellow granules The 
excretory system is well developed The mam excretory tube opens about one- 
third of the total length from the anterior end It at first passes forwards 
and upwmids for a short distance and then divides into two, the anterior and 
posterior collecting tubes The anterior collecting tube is very short and 
almost at once divides into two accessory tubes, each of which terminates m a 
single flame-cell The posterior collecting tube is long and passes backwards 
to a level behind the middle of the body-length before dividing into two accessory 
tubes each of which again ends in a single flame-cell There are thus four pairs 
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of flame-cells m the whole body and these are very large and closely resemble 
m character those found m the amphistomes 

These lediae were Imng m the upper part of the branchial chamber The 
liver of an infected snail was of a slate giey colour 

The mollusc host of this species was Melanoides aebet (Reeve) and the 
examples weie taken fiom a small stieain on the edge of a mangrove swamp 
on the east side of Camoita Island in the central group of the Nicobais The 
piopoition of infected snails was six out of thirteen m the month of January 
1922 A few days later more examples of the same mollusc also infected with 
the same cerearia weie taken fiom a small muddy pool near Back Bay in 
Camoita Island, on this occasion every snail examined was found to be infected 
Anothei example of the same specits of Melanoides, namely, M creber 
(Reeve), fiom the same locality, was found to be infected with redise that were 
producing daughter -ledice These redise agiee m all essentials with the cercaiiffl- 
producing redise and aie in all piobability members of a pievious generation 
The total length of these redise varied fiom 0 753 mm to 1 726 mm and 
the bieadth from 0 178 mm to 0 466 mm The mouth was terminal and was sur- 
rounded by thick fleshy bps The external surface of the redia differed in 
mdiinduals of different degrees of maturity, in young examples the wall was 
thrown into low transverse iidges, whereas in older specimens it presented a 
snaggy appearance owmg to the presence of numerous low processes A pair 
of well-developed locomotor processes are present about one-fifth of the total 
length fiom the posterior end The extieme posterior end is bluntly pomted 
The mouth leads back into a well-developed pharynx that is either spherical 
or shghtly oval m shape, in a specimen that had a total length of 0 753 mm 
the phaiynx possessed a diameter of 0 068 mm and in one measuring 1 027 
mm the phaiynx measmed 0 079 mm and 0 075 mm m the antero-posterior 
and transverse diameteis respectively These figures demonstrate very clearly 
the small increase in size of the pharynx with the growth of the redia The 
pharynx is succeeded by a long intestine that reaches back nearly to the level 
of the posteiioi locomotor piocesses and a buth pore is situated at about one- 
fifth of the total length from the anterior end The excretory system appeared 
to be identical with that of the cercarim-pioducmg redire 

These redise weie living m the branchial chamber of the mollusc and were 
attached by their posteiior ends, the anterior ends being free in the cavity and 
were continually moving from side to side 

The manner m which these cercarise encysted differed somewhat fiom that 
of Cercana indica IV The cercaria swims upwards to the surface of the water 
by means of its body-mo\--ements only, the tail being dragged passively behind 
On reaching the surface the cercana appeared to get a hold on the surface 
film by its oral sucker, and then diew up its body and obtained a similar hold 
on the surface by means of the acetabulum The cercana then rests for a 
moment suspended in a hoiizontal manner fiom the smfaee film by means of 
Its two suckers, the body being fully extended Aftei a short pause the cercaria 
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lets go of its hold by tlie oiul ‘^uckei and caiiics out a senes of contractions 
of the body, the acetabulum being the centie of tlie movement As the body 
contincts a film of cleai substance is left on the suiface of the water, this 
substance appeals to be the content', of tlie cjstogenoua cells tliat aie extruded 
When the contiaetion of the boilj is completed, the animal secretes the usual 
bottle-shaped evst aiound itself, the point ulicic the acetablulum was attached 
to the suiface film being left as a lound hole The bottle-shaped cyst is thus 
slung, hammock-hke, betveen the two floats that have been sccieted by the 
anteiior and posteiioi legions of the body lespectncly Tiieie is none of the 
rapid w'hnling movement that was seen m the case of Ceicana indica IV Sewell, 
and the tail appeals to take no jiait on the cyst foimation The dimensions of 
a fully-foimed cyst aic 0 24S mm in length and 0 123 mm in bieadth 

I have pieviously (Sewell, 1922, p 145) iliscussed the lelationship of the 
vaiious species belonging to this gioup of the ccicaiia), which were knowm at 
the time of publication of my papci, and since that date the only additional 
account that has been published is that of Tubangui (1928, p 41, Plate H) 
who obtained wdiat he believed to ha\e been examples of Ceicmia indica IV 
in the Philippines and to w Inch he ga\ e the name Cei cm la philippindica The 
present species comes neaiest to Cacana distomatosa Sons, but as it difteis 
in ceitam important paiticulais from the account given by Looss (1900, p 197, 
Plate XIV, figs 152 and 158) I piefei to legaicl it as a new' species The chief 
differences are as follows — 

(1) The average length of my examples appears to have been somewhat 
greater than Looss’ specimens, but as his measuienients w'eie taken on preserved 
material it is as well not to lay too much stress on this point, but it is w'oith 
noting that the size of the two suckers is considerably greater, in Ceicana 
mcobanca III, the diameters are 0 082 mm and 0 089 mm for the oial sucker 
and acetabulum respectively, whereas m Ceicana distomatosa they are only 
0 057 mm and 0 65 mm 

(2) In the excretory system Looss {loc cit Plate XIV, 156) describes 
and figures a patent duct ruimmg back from the excretory bladder into 
the base of the tail-stem and then after a short course bifurcating to open on 
the lateral aspects, this is confirmed also by the observations of Manson-Balir 
and Fairley (1921, Plate IV, fig 4) In the present examples I have been 
unable to convince myself of the existence of any such duct At the base of 
the tail there appears to be a solid strand of fibrous (?) material that takes 
its place 

(3) In the redia the excretory system exlribits certain clear differences 
In the redia of Cercana distomatosa the excretory orifice is placed rather far 
back m the lateral region and opens a short distance m front of the posterior 
locomotor processes and about one-thnd of the total length from the posterior 
end Each main collecting tube, after traversing an approximately equal 
distance, bifurcates into two accessory tubules and these agam teimmate m 
three flame-cells, so that there are rn all twelve flame-cells on each side In 
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the present form the orifice lies consideiably further forward and each accessory 
coUectmg tube ends in a single large flame-cell The difference in the number 
of flame-cells may be attributed ro the age of the redia but it appears to be 
quite constant m all the lediae examined by me and I am inclined therefore to 
regard it as a specific chaiactei 

(4) In addition to these stiuctural differences there are also differences 
in the general behaviour of the cercaiiae, and especially m the mode of formation 
of the cyst 


XIPHIDIOCERCAIIIA^ 

Ceicanm mioccotylce 
Cercaria nicobanca IV, sp nov 
(Plate XLVII, fig 7 ) 

(? Ceicana yusilla Looss, 1900, p 229, Plate XVI, figs 178-180 ) 

The cercaria is a small one, measuring in total length about 0 25 mm The 
body varies in accordance with the degree of extension and contraction from 
0 092 mm to 0 169 mm in length and from 0 046 mm to 0 077 mm in breadth 
The tail when extended has a length of 0 154 mm and a bieadth at its base of 
0 021 mm , when contracted it measuies 0 084 mm m lengf-h by 0 022 mm in 
bieadth The body, when extended, is elongate oval in shape, but when con- 
tracted and under cover -slip pressure it may become circular or even heart- 
shaped It swims slowly by contracting its body and curving it ventially and 
then vigorously lashmg its tad It ciawls feebly by means of its two suckers 
The cuticle of the body appears to be devoid of actual spines, but imder a high 
magnification possesses the appearance of numerous fine dots set m transverse 
rows 

The anterior end of the body is occupied by a large oral sucker, circular 
in outline and havmg a diameter of 0 034 mm Embedded m the dorsal wall 
of the suckei is a well-developed stylet, that has a well marked thickening 
about one-fomth of its length from the anterior end, towards the posterior end 
of the stylet the diameter widens and the thick wall abiuptly ceases, the 
stylet terminating posteiioily in a hemispherical thm-walled part The stylet 
only attains its final form in fully matme ceicanse, m immature forms it is 
of a simple needle-shape without the thickening round its anterior end The 
length of the fully-formed stylet is 0 018 mm 

The acetabulum is situated at a distance of one-third of the total length 
from the posteiior end It is much smaller than the oral sucker, havmg a 
diameter of only 0 015 to 0 018 mm It forms a well-marked protrusion on 
the ventral aspect, but does not appeal to be a very powerful organ and seems 
to consist more of parenchymatous cells than muscle fibres 

The tail is attached at the posterior end on the ventral aspect When fully 
extended the sides show a senes of mmute crenations, that probably correspond 
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to miiscle-fibics, N\hen oonti acted the antcnoi tcso-thirdb of the tad is thrown 
into a seiiCb of fold' but the pO'teuoi thud boenib to be but little affected The 
siufacc of the antciioi two-thiidb of the tail is smooth, the posterior third, 
howevci, IS fiunishcd udh mtmcioub veiy delicate liaii-likc spinCb 

The mouth is sub-teiminal and vential and leacK into the cavity of the 
oial suckei , its ^\all ib lined \\ith a thick iayei ot icfiactile substance, thus 
closely icsemblmg the condition dcstubed by me m Ceicciria indica V (vide 
Scuell, 1922, p 191, Plate XIX, hg 5) and (iguied bj LoObS (1900, Plate XVI, 
fig 179) in Ceicana pusiUa Behind the oial suckei liCb the luchmcnt of the 
phaijnx, having a cliametci of 0 011 mm I was unable to detect any other 
tiace of an cesophagus oi intestine The salivaiy glands consist of thiee cells, 
as IS the case in most of the ccicaii.e belonging to thib group Of these cells 
the antcnoi comes into contact with its fellow ol the oppObite side in the middle 
line in fiont of the acetabulum, the protoplasm is \ery tianspaient and con- 
tains numeious iiiegulai raassCb of secretoi> mateual The middle pan of cells 
aie pyiifoiin m shape and po'sesb lefiactile piotoplasm with \eiy fine gianules 
scatteied thiough it The posteiioi pair of cells aic of a distinct biown tinge 
and have lefiactilc, coaisely gianulai piotoplasm, then posteiior margins are 
lobulated Each cell sends a conesponding duct fonvards to open on the 
anteio-lateial wall of the mouth The antenoi pan of cells and then ducts 
aie veiy difficult to detect in the living ceicana and foi some tune I was under 
the impiession that theie were only two pans of cells, but careful evamination 
will reveal the thud pan The great difficulty expenenced in detecting the 
antenoi pan of sahvaiy gland cells and then ducts, combined with the marked 
biownish tinge of the posteiioi pan of cells, gives Ceicana nicobanca IV a 
stiikmg lesemblance to Ceicana chloiotica Dies and Ceicana bruniiea Ercol 
Looss (loc cit ) in his account of Ceicana pimlla does not mention the numbei 
of the gland cells He lemaiks, ‘L’espace du coips compns en avant et auv 
cote de la ventouse ventiale est occupe pai les glandes cephaliques, qui, au 
leste, n’offient nen de special’ In Ins figuie (fig 179) he shows only two 
such gland cells, occupying the same positions in the body as the second and 
thud cells in Ceicana mcobanca IV, but in front of and between these two cells 
he figures a number of coaise gianules, he show's thiee distinct sahvaiy ducts 
It thus seems probable that theie aie thiee pans of sahvaiy gland cells m 
Cercana pustlla but that the antenoi pan aie difficult to detect, as m the 
present instance 

The excretoiy bladder is U-shaped or remfoim, depending on the degree 
of contraction Fiom each anteio-lateral coinu a main excietoiy tube can be 
traced forwaids on each side of the body as fai as the legion of the acetabulum) 
wheie it divides into antenoi and posterioi collecting tubules, the couise of 
the main duct is extremely convoluted and the point of bifurcation is very 
difficult to detect The antenoi collecting tubule passes forwards and sends 
off a capillary that passes inwards and ends in a small flame-cell situated just 
in front of the salivary gland, the tube then continues forwards and after 
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bifurcation ends m a pair of flame-cells in the neighbomhood of the oral sucker 
The posterior collecting tubule could only be tiaced in its distal half, which 
passes backwards and ends m a pair of flame-cell on either side of the cornu 
of the excretory bladder A caudal excretory tube passes down the tail In 
the figuie (Plate XLVII, fig 7) I have given the probable distribution of the 
whole system 

The genital organs appear to be represented by a mass of round cells lying 
in the space between the diveigmg cornua of the excretory bladder and the 
posteiioi maigin of the acetabulum 

Development occurs in small spoiocysts that aie eithei round, having a 
diameter of 0 132 mm , oi slightly oval, the two diameters of length and breadth 
being lespectively 0 219 mm and 0 164 mm Each sporocyst contains two 
mature ceicans and a number of developing germ-balls 

The mollusc host was Melanoides creber (Reeve) and the example was 
taken from a small ravine on the south side of Flagstaff Hill, Camorta Island 
The bed of the stream was overgrown with weeds and grass and there was only 
a most meagre trickle of water coming down The liver of the infected snail 
was of a marked grey tinge 

This oeicana undoubtedly belongs to the ‘ Microcotyi® ’ group of the 
Xiphidiocercarias, and in its general appearance and characters comes near to 
the members of the ‘ Pusilla ’ sub-group It shows a very close degree of 
resemblance to C&vcana 'gusilla Looss and I give below for the purpose of 
comparison a table (Table 11) showing the actual measurements in the two 
forms “ 


Table II 


f 

Cercaria pusilla 
Looss 
mm 

Cercana nico~ 
banco TV 
mm 

Body-length 

1 012 

0r092— (7169 

Body breadth 

ffOO 

0 040-0-077 

Length of fail 1 

012 

0084—0154 

Diameter of oral sucker 

or 03 

0-034 

Diameter of acetabulum 

0-017 

OrQlo—arOlS 

Length of stvlet 

0019 

0018 

Diameter of pharjmx 

0-011 

0011 

Length of sporocyst 

Oris 

0132—0219 
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In my oiiginal account of the ‘ Ptnilla ’ gioup {vide Sewell, 1922, pp 180- 
181), I included the following '^iiccici — 

Ccicima puiiilliL Loots, 

Couuui ciKjua LoOsb, 

Co tana iiuhia XVIII Sewell, 

Ceicaiia indica XIX Sewell, 

Ceicana indica XL Sewell, and 
Ccuana indica XL^n Sew'cll 

I also piovisionally included the foim desciibcd by O’Rooke under the name 
Ceicana kansicims Since the jnibheation of my paper Tubangui (1928, p 43, 
Plate III, figs 1-3) has dcsciibed a fuithei species that cleaily must be included 
heie, namely Ceicana melaniaspeiata, wdiicli he obtained in the Philippine 
Islands A study of the excietoiy systems of these foiius indicates that this 
group is not a homogeneous one but must be subdivided I oiigmally gave the 
foimula of the excietoi} s}stem as being in all piobabihty 2X6X1=12 flame- 
cells and of these tlnee aie connected wuth the anteiioi collecting tube and 
three wuth the postenoi on each side of the body The formula can thus be 
written (la-1-16+2) -f-(3-l-4a-l-46), indicating that the arrangement has been 
derived from the type of system present m the ‘ Cellulosa ’ group, m which 
there are only 2X4X1=8 flame-cells and which can be graphically represented 
by the formula (1+2) + (3+4), by the division of flame-cells 1 and 4 respec- 
tively into twm daughter -cells This type of system has been shown by 
Tubangui to be present m Ceicana inelamaspei ata and it is also present m 
Ceicana indica LXII Sewell {vide Sewell, 1922, addendum, p 1, Text-fig H 
which I regard as a possible connecting link between the ‘Pusilla’ group and 
the 'Viigula’ group In the present form the excretory system, however, 
possesses only'^i^e parrs of flange-cells and not six, and it seems probable that 
the same arrangement is present m Cercana indica XVIII Sewell, in which, 
although I was unable to detect the flame-cells, the anterior collecting tube 
divides into three branches and the postenoi into two only (c/ Sewell, 1922, 
Plate XVIII, fig 3) A five parr flame-cell system appears to be pieseht m 
Ceicana indica V Sewell of the ‘ Paiapusilla ’ group {vide Sewell, 1922, p 192) 
Plate XIX, fig 5) Another stage in the evolution of the Xiphidiocercaiim is 
represented by Ceicana gunnisoni Hurst (1923) This species also possesses 
a flame-cell system composed of six pans of flame-cells, but instead of these 
cells being so arranged that three open into both the anteiioi and posterior 
collecting tube, Hurst clearly shows that there are four flame-cells opening into 
the anterior collecting tube and only two into the posterior tube This arrange- 
ment can be'giaphically represented by the formula (la+16+2a+26) + (3+4^) 
In the Text-figure below I have shown the manner in which these various types 
of excietoiy system appear to have evolved from each other 
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Te\t-figure — Showing the manner m which the 'lariona excretory systems in certain members 
of the Xiphidiocercance may haie eiohed from each other 

THE ‘EURCOCERCOUS' GROUP 
Cercaria nicobarica V, sp nov 
(Plate XLVII, fig 8 ) 

This ceicana is teiy aetixe and is a good smininer, like many other 
furcocercous cercan© it motes tail first tvhen strammng, dragging the bddy 
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CoicMu.ii nicobancic 


behind It is not able to nu)\L* with an\ von'' gieat lapuhty when ciawling by 
means of its suckcis 

The body in a model itoly extended condition lias a length of 0 178 mm 
and a maximum bi end tli ol 0 09b mm Tlie body is pyiifoiin in outline, the 
gieatost diametci being ■'itii ited at oi a little behind the le\el of the acetabulum 
The tail is attached at the postciioi end and coii^i'sts ol a tail-stem and a pair 
of long paddle-shaped iuical lami The tail-scem mea-'incs 0 233 mm m length 
by 0 055 mm m bicadth, the fin cal lami aie 0 219 mm m length 

The antciioi end ot the body is bluntly loundcd and is occupied by an 
oigan that is o\al oi slightly hoiu -glass shaped accoiding to the degiee of 
conti action oi extension ol the body, m the conti acted condition this oigan 
becomes oval nith the long axis tians\eise, and mcasiiics 0 037 mm in length 
by 0 043 mm tians\ei&ely This oigan appeals to paitake moic of the nature 
of a penetiating oigan than ot a definite suekei its stiiictuie is not cleaily 
difieientiatod and it is composed of lounded paienchy matoiis cells possibly 
this IS due to immatuiity I could detect no penetiating spines at the anterior 
end of the snout, but the anteiioi two-thiids of the body is aimed with minute, 
closely-set backwaidly-diicctcd spines The acetabulum is situated about 
one-fouith of the body -length fiom the posteiioi end, it has a diameter of 
0 037 mm and its caMtv posse«:ses an H-shaped apeitiue The tail-stem is not 
provided wuth spines Beneath the cuticle theio is a layei of rounded cells 
and mteinal to this the bulk of the tail is composed of a loose paiencliyma of 
oval cells with gianulai nuclei, longitudinal stum denoting the presence of 
muscle fibies can be made out The fiiical laini aie not constiicted off from 
the tail-stem and aie aimed along then edges and on the flat sm faces with 
closely-set, backwaidly-duectcd spines 

The mouth is terminal and leads back thiough the anteiioi penetiating C^) 
organ to a short pie-phaiynx that is followed by a well-developed rounded 
pharynx, that has a diameter of 0 021 mm This is succeeded by a wide 
oesophagus which passes backwards to the level of the acetabulum and there 
bifurcates into two shoit wide emea that leach back only to the level of the 
middle of the acetabulum, in some instances, howevei, this division into two 
cseca was not shown and the msophagus terminated in a dilated cavity like a 
stomach 

I was unable to detect any definite sahvaiy gland, I was also unable to 
tiace any sahvaiy ducts My inability to detect these structmes was due to 
the piesence beneath the cuticle of numerous small lound cells containing 
short lod-like granules, probably these aie cystogenous cells 

The excietoiy bladder is small and cncular and is provided with longitudinal 
muscular fibres Anteriorly the two main collecting tubes open together by a 
common oiifice The terminal part of each main tube is widely dilated and 
contains within its cavity a number of simple or composite refractile granules 
This dilated part of the duct appears to be more or less convoluted and is 
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continued forwards as a narrow tube, m which are situated three ciliated areas, 
the cilia working backwards towards the bladdei 

There aie five flame-cells m the body in the positions shown m Plate XLVIl, 
fig 8, and a single panr of larger flame-cells is situated at the base of the tail I 
was unable to trace the greater part of the capillary system but there is a single 
capillary that runs forwards to the level of the pharynx and receives the capil- 
laries from the two anterior flame-cells in that region A wide caudal excretory 
canal passes down the tail-stem, but I was unable to detect any ‘ islet ’ aperture 
such as is commonly present in fmcocercous ceicarire At the posterior end 
of the tail the excietoiy canal bifurcates and a branch passes into each furcal 
ramus, but I was unable to detect any excretory aperture 

The genital organs are represented by a mass of oval or rounded cells lying 
between the dilated parts of the mam excretory ducts and the posterior margin of 
the acetabulum 

The mollusc host is Melanoides creher ("Reeve) and the locality from which 
infected snarls were obtained was from a small stream near Ray Point, Camorta 
Island, m the central group of the Nicobar Islands 

Development occurs in elongate sausage-shaped sporocysts, one end of 
which IS tapeimg and is solid The liver of an infected snail has an unhealthy 
grey colour, occurring in streaks and patches The cercariae appear to leave 
the spoiocyst while still immature for the substance of the liver was crowded 
with numerous cercariae many of which weie still immature 

According to the most recent attempt at classification, the fmcoceicous 
cercariae are grouped, according to the presence or absence of a definite pharynx, 
into pharyngeal and apharyngeal series and these are again divided into brevi- 
lurcate and longifmcate gioups The present form seems to belong to the 
pharyngeal longifurcate distomes and as such might be considered to be a 
member of the Holostome senes It, however, exhibits certain characters that 
sharply differentiate it off from the true members of this series 

In attempting to classify the vaiious species, the most important system, 
as has frequently been pointed out, is the excretory system In the possession 
of five pairs of flame-cells m the body and one pair m the tail-stem the present 
form agrees with Ceicana indica I Sewell {vide Sewell, 1922, p 268, Plate 
XXIX, figs 1 and 2) but m other characteis this system differs widely Cercana 
indica I IS the type of the ' Pahila ’ group and the characteristic features of 
this group are — 

(1) The absence of eyes, 

(2) the anteiioi organ is protrusible but can foim a feeble sucker, 

(3) the furcal rami are long and are aimed with spines along their lateral 

maigins, 

(4) a well-developed pharynx is present followed by a long oesophagus 

and short csca, 

(5) the genital organ is represented by a mass of small cell situated 

between the excretory bladder and the acetabulum, and 
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(6) development occiiis m elongated tlnead-hke apoiocyst'^ 

In all thebC icspects the pieaent foim agiees but in the excietoiy system 
thcie aie seveial unusual featuie-' The excictoiy bladdci la small and compact 
but the pioMinal paits of the mam excietoiy tubea aie gieatly dilated and 
contain a mimbei of lound icfiaetile giaiuilea, \ciy ■'imilai in appearance to 
those found m the excietoiy aysteiiia of the Amphistomca and Echinoatoraes So 
fai as I know, the only othci luitoceicoua teicaiue that Inuc hitheito been 
iccoided as exhibiting aiicli a featuie aio the membeia of the ‘Vuax’ gioup, 
in ^Yhlch these gianulcs aie quite ainall {vide Sewell, 1922, p 280, Plate XXXI, 
fig 3), Ceiuiua disuii‘i(ita Ssinit^in and Ccuaua dicliotoma (Mullei) Cercana 
disciusata, to judge fiom the actount guen by Ssinitzm (1911, p 21, Plate III, 
figs 45-48), poasessca aevcial leatuica in common with the piesent species At 
the anteiioi end thcie ajipeaia to be a loundcd aiickci, Sainitzm does not 
mention this oigan in the text but he figmea it aa picacnt, behind this lies a 
definite phaiynx, followed by an ceaophagua and ahoit inteatmal emea, that 
leach only to the le\el of the anteiioi maigm ot the atetabulum Salivary 
glands aie veiy much i educed and aie lepicaonted by two small cells on each 
side of the body with then lespectivc ducts The excietoiy bladdei is V-shaped 
and connects wuth a smallci second bladdci that lies at the base of the tail 
and fiom this a caudal canal passcs down the tail-stem and aftei bifuication 
a branch opens at the tip of each fuical lamus, the excietoiy bladdei is filled 
with concietions 

Ceicana dtchotoma Mullci has nevei been adequately desciibed and the 
accounts given of it diffei in vaiious paiticulais All authois agiee, howmvei, 
m the piesence of two suckeis, a foiked tail wuth long lami, a wude oesophagus 
with shoit intestinal emea and a U- oi lyie-shaped excietoiy bladdei, contain- 
ing lefractile gianules Villot (1879) in his account states that he could not 
detect any pharynx but Leboui (1908, 1912) desciibes and figuies a w'ell- 
foimed one Pilseneei (1906) has also given an account of Ceicana dichotoina 
that agiees for the most pait with the desciiptions of the othei two authois 
The chief distinction, so fai as oui piesent knowledge goes, between the above 
two species, viz, Ceicana discursata Ssinitzin and C dicliotoma Mullei, and 
the present foim lies m the stiuctuie of the anteiioi oigan, which in these twm 
species IS a definite suckei, wheieas in the piesent species it appeals to paitake 
moie of the natuie of a penetiatmg oigan, though fiom the undiffeientiated 
chaiactei of the cells one cannot be certain on this point, it may be that this 
apparent difference is due to immatmity in my examples 
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E\i‘l\nmion 01 Plvtf XIjVI 

Fig 1 Ceicaua mcobanca I fioiu the doisai side 

„ 2 Ccicana mcobanca TI fioin the \ential aspect 

Figs 3a and 36 Doisal and Lateial \ie\\3 of the stylet of Cercam 
mcobanca 11 

Fig 4 Anotlici example of ( '*) Co tana mcobanca II from the ventral 
aspect 

List of abb) eviations used in Plates XLVI and XLVIl 
act anteiioi collecting tubule 

ap antciioi pcnctiating oigan 

bi ceicbial ganglion 

cet caudal excietoij tube 

cf caudal fin-fold 

d salivaiy ducts 

eg excietoiy gianules 

ep excietoiy poie 

es cesophagus 

ev excietoiy vesicle 

fc flame-cell 

g genital poie 

glc cystogenous cell 

1C intestinal csecum 

m mouth 

os oral sucker 

ov genital organ 

pet posteiior collecting tubule 

ph phaiynx 

pip posteiioi locomotoi process 
ps penetrating spines 

rd stomach 

sg salivary gland cell 

st stylet 

u utei us 

vs acetabulum 





Explanation < 

Fig 5 Cercana mcohanca IP 
„ 6 Redia of Cercana 7UC( 

„ 7 Cercana mcobanca E 
8 Cercana mcohanca 
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THE BASAL METABOLISM OP INDIANS (BENGALIS) 


BY 

HAREj^RA NATH MUKHERJEE, b sc , m b , d i o (Lend ) , 

AND 

PRATUL CHANDRA GUPTA, m sc , 

Biochemical Depaitment, Carmichael Medical College, Calcutta 

[Recti\ ed for pubhcatioa, July 22, 1930 ] 

Dubing lecent j'^ears much interest has been aroused in climatic variations 
in basal metabolism, but very little woik has been done on the basal metabolism 
of Indians 

Eijkmann (1921) could find no significant change in the basal metabolism 
of Malays when compaied to that of Euiopeans On the contrary De Almeida 
(1924) obtained results showing maiked loweiing of basal metabolism in the 
people of Bi azil both of European and African extraction ‘ De Almeida has 
developed an interesting theory to account for his findings He beheves that 
in sufficient time all the factors which modify the total metabolism will finally 
alter the value of the basal metabolism The basal metabolism theiefore 
depends on all the factors which in passing have modified the intensity of the 
habitual metabolism Among these are musculai work, the level of food intake 
and the difference between the tempeiature of the body and the temperature 
of the ail multiplied by the suiface area In the tropics all these are lower 
than in the temperate zone This theory is quite fascinating It would 
account foi the increased metabolism of athletes on account of previous mus- 
cular work and of children on account of activity and large food mfake It 
would explain the low metabolism of under-nutrition ’ (Dubois, 1927) 

Montoro (1921-22) working m Havana obtained results very similar to 
those of De Almeida Earle (1922) stated that the basal metabolic rate of the 
Chinese was set at a lower pace than that of Western races Yano (1920) 
obseived the low eneigj metabolism of the Japanese infant and suggested that 
it might be a chaiacteii«!tic of the Japanese race Takahira (1925), however, 
after a thorough investigation of Japanese subjects concluded that the basal 
metabolism of the Japanese showed no marked diffeience from that of Western 
1 aces 

Kmpping (1923) found some loweung of the heat production in Europeans, 
^Malays and Chinese who had Ined for some time in the tropics Fleming 
(1925) in making observations on Filipinos obtained e^udence of some lowering 
ol the basal metabolism 

J, MH ( 807 ) 0 
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//<> Mrhtholi'^m of Indians {ncnfjalis) 


Blunt ami Dvt (1921) -tudicd the metabolism of u Japanese ^\oman 
l.vins unikM \im'man am.lit.cm~ Tlifi. -ul.jc.t Im.l a l«.»al inelabolisra about 

11 oei lent below the Aub and Duboi', picdiction 

Maoleod Cioft^ and Benedict (1925) woiking on Chmc.e and Japantoe 
uoracn ~t.ulont- m Amcuc-a foimcl the atciaw haual metabolism to be about 

10 nci cent below the llauH and Benedict ''landaiiB 
° Miikheijce (1920) woikin- in Caliutti icpoitcd some observations on the 
basaf b ~m of Bciisal, mo, heal ~t,„te„.~ The .ueiaoc baual mota » - 
. his niteei. ea-e- aao about -9 ,.e. co.it, ucoi.hng to the ^-bom sU 
(le , about 11 pel cent below the Vub and Diiboi. picdietion) Sokliej (M 

w Diking in Bomba^ obtained Minilai icsulis ,,„ni6cant 

Okada, Sakuiai and Kaincda (1920), iiowccei, could p^ye^tern 

change in basal metabolism of Japanese when compoued to ^ 

laccs Tuinci (1920) woiking on a mixed gioup of iSeai Ea.te 
found that Aimcnians ga\c ouciagc metabolism valiica \eiv c s 
Dubois standauls but othei Kcai Eastern laccs gave 33 gr 

Hembcckc. (192S) found the metabolism of Eskimos the 

cent above the noimal stamlaids Waullav and Hois ej ( ^- ) 
metabolism of Aust.ahan aboi.gmcs am found j 

Hmdnmtsh (1927) lepoited m a study of nb.tc „„,i^edlv 

hvmg m Sydney. A.istialm, that the aoci.age basa ; „( syii,ra 

low Tuine. and Abousbadid (1930) studied the basal 12 

wlen and found that the Aub and Dubois tables give a 
pel cent too high fo. Synan women Tilt (1930 "'f ™g 
women m Floiida found the avetage basal metabolism to be 10 P 

and Dubois standaids) , , + oountiies 

Alost of the studies have been made m tiopical and sub-tiop 

and the findings tend to indicate a lowTied basal metabolism m le 
these places In discussing this subject Dubois (1927) cone u 
Chinese 'and the Japanese show a slightly lowei metabolism t iai 
or Eiuopeans and wdien these latter come to the tiopics they exln i ' 
decrease m heat pioduction He is also of opinion that there may 
large decrease in heat pioduction m the inhabitants of some tiopica 


Expenmental 

The present work is m continuation of the wmik pieviously lepoited by 
of us (H N M ) Eighteen noimal healthy Bengali young men be 
ages of 20 to 29 years were studied in the present senes The measur 
were made m the post-absoiptive condition usually from 14 to 18 gg 

the evening meal, with the subject lying down in a state of comple ® ^ j 
T he subject came to the labor atoiy at about 11 am A preliminary res 
of half to three-quarters of an horn with the subject lying m bed was a 
before the test was started As the subjects were mostly medical stu en 
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passed giadiiates of the Caiimcbael Medical College and as tJiey weie made 
familial with the 'sioiking of the appaiatus their co-opeiation was assured 
The deteimination v>as done with the Douglas bag and the Haldane gas 
analysis apparatus The usual piecautions against leaks were taken and 
repeated outdooi an anal} sis weie made foi checking the gas analysis The 
expel iinents weie made in autumn, wintei and spiing 

Blood-piessiue lecoids weie taken with the subject lying in bed a short 
time aftei completing the metabolism test 

The results are given below m tabulai foim — 

Table 


Subject number 

1 Age 

1 

! 

i Height m cm 

1 

s 

o 

1 Surface aiea m sqm 

1 

a 

0 

43 

a 

u 

& 

€ 

0 

3 

A. 

Blood-piossurc 

Vital capacity in hties 

Respiratoi-y quotient 

O 3 consumption per 
minute in cc 

Heat production per 
sq m per hour m 
caloiies 

1 i»nsal metabolism com- 
i pared to Aub and 
' Dubois standards, per 
cent 

1 

26 

IV- - 

17a 0 

59-5 

172 

64/17 

110/84 


0 76 

164 

27-19 

-312 

2 ' 

20 

163 0 

40-5 

138 

80/18 



0-97 

152 

3310 

—162 

3 

27 

175-0 

630 

175 

68/17 



0-95 

187 

31 96 

—19-1 

4 , 

25 

170-0 

58-0 

166 

68/18 

112/84 

4-23 

0-94 

174 

31 28 

—208 

5 

23 

166 0 

445 

146 

60/12 



0-75 

196 

38-17 

— 3-4 

6 

22 

167 5 

57 3 

164 

58/16 


3 38 

0r99 

211 

3S-S6 

— 16 

7 

20 

170-0 

455 




305 

(797 

189 


— 41 

s 

20 

1675 

49-3 

1 54 

72/16 

110/84 


073 

167 

30 67 

— ^ 22-4 

9 

26 

1713 

512 

159 

62/13 



0-86 

213 

39-18 

— 08 

10 

27 

172 5 

4S-5 

156 

68/17 


3 - 15 

075 

194 

35-36 

—10-5 

11 

26 

167-5 

47 3 

151 

34/11 



Cf78 

144 

27 33 

—30-8 

12 

27 

1 152-5 

39-2 


60/15 

112/78 


(779 

158 

3492 

—116 

13 

26 

; 156-3 

) 


146 

61/14 

102AS 

3-40 

(771 

150 

28-91 

—268 

14 

29 

177-5 


1S4 

74/16 

112/75 

4-17 

(772 

235 

36-03 

— s-s 

15 

24 

164 0 

1 

4?4 

149 

84/12 



084 


3940 

— (73 

10 

21 

1 16S-5 

52-8 

159 

68/12 

110/80 

431 

0-88 

194 

35 87 

— 92 

17 

2S 


615 

m 


100/76 

3-22 

0-84 

187 

32 59 

— 17 a 

IS 

26 


59-6 

171 

64/16 


3-68 

0-94 

224 

391 

— IV 

V\ erage 

25 

j 16S-0 

52 4 

15S 

67/15 

■ 


3-06 

0-84 

186 

3426 

—13-3 
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/Ac \l rtaholism of Induut.s {Baujalis) 


DisCLs-'ION 

riic a\ciaL 5 e basal int'tab()li>in of IS noinial Bengali young men studied 
in the ]Jie'-cnt beiie> is — i3 .> pei (tail ( \ub and Diiboia otandaicls) Very 
biinilai leaiilts weie obtained and btiellv lejioited by the senioi worker 
(11 N M) '-oine \eai> igo L nloi tunately the lesulta ueie then calculated 
aceoiding to the Sanboin standaida (Beaumont and Dodds, 1924) 

In a pei-onil coininunication to one oi ua (H N M ) jNlisa E D j\Iason 
woiking in iMadiaa has inloinied ua that e\tenai\e experiments on South Indian 
women show an e\en gieitei dewiation (about — 18 pei cent) tiom Western 
standaids than doea the woik on Bengali xoung men 

\ ilal tapimly The \ital eapaeitx oi 12 oi oui aiibjects was measured 
and the a\eiage value la 3 30 litie-' The a\eiage am face aiea of these subjects 
IS 1 60 sej m Accoiding to W eat (1920) ton-'isfent lelationship exists between 
the \ital capacitv and the aica of the body suiface, — the actual aveiage for 
men as ioiind bv him being 2 ()1 litic-' pei acj m ot bod^ suiface In oui cases 
the aveiage is 2 223 litica pei aCj m of bod\ aintacc (a deviation of about 
14 8 pel cent fioin noimal IVestein atandaids) Fostei and Hsieh (19231 
obtained siiuilai low \ allies in Chinese students 

Accoiding to the lepoit on the Students Welfaie Scheme of the Univeisitv 
of Calcutta (1928) the aveiage Mtal capacitv ot Bengali students (men) 
appeals to be even lowei than oui aveiage 

Blood-pi essxa e —T\\(i aveiage systolic blood-piessure of the 12 subjects 
IS 108 and the diastolic picssuie is 78 The aveiage pulse piessuie is 30 and 
appeals to be low compaied to Westein standaids 

It is peihaps not out of place heie to mention the vaiiations fiom noimal 
Westein standards of the vaiious blood constituents in Bengalis The low’ 
semoglobin contents of the blood of Bengalis wxas obseived by McCay (1912) 

Mukheijee (1923, 1925a, 19256, and 1928) estimated the non-protein 
nitrogen, uiea N, mic acid, cholesteiol contents, etc, of the blood of young 
engalis He found the N P N and uiea N contents to be low but the uiic 
aci was found to be high The cholesteiol content was found to be definitely 
low (and peihaps even the calcium content is slightly low) 

Mukheijee also obseived the maikedly high sedimentation velocity of 
erythrocytes in Bengalis 

Ki (1928) also obseived the low cholesteiol content of the 

blood of Bengalis 

McCay (1912) obseived the low uimaiy nitiogen of Bengalis 

observations may oi may not have any relation with basal 
metabolism it ,s not possible to oveilook them and it suggests to oneself tlfflt 

lnd'(2") nX“ 

IS also Bengali diet is^ell known and the diet 

pool in fats McCarnson (1929) studied the relative biological values 
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of the different Indian diets, and found the Bengali diet to be poor m suitable 
proteins, vitamins and mineral elements 


Summary 

Basal metabolism measurements are leported on 18 normal Bengali 
joung men The findings are summaiized below — 

(1) The basal metabolism of Bengali young men averages -—IS 3 per cent 
(Aub and Dubois standaids) 

(2) The Autal capacity is markedly low, i e , on the average about 14 8 
per cent lowei than Western standards 

(3) The pulse piessure appeals to be low 

(4) The low basal metabolism of Bengalis is perhaps due to climatic and 
nutritional causes 
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A NOTE ON BLOOD CHANOES IN FILAEIASIS 


BY 

K K DAS, MB (Cal), 

Assistant, Helminthological Inquiiy, Bihai and Onssa, Gaya 
[Received for publicatjOD, Jufy 2i, 1930 ] 
iNTKODirCTIOJf 

The obseivatiOHS weie undertaken during the comse of my employment 
undei the Indian Reseaich Fund Association, Simla, and while servmg under 
the Helminthological Inquuy, Bihar and Oiissa The period of observations 
lasted from October 1929 to March 1930 

Material and technique 

The material foi observation was collected from cases investigated at the 
towns of Gaya, Monghyi and Kharagpur (Monghyr district) 

The blood mateiial was taken in quantities of 20 cram at different hours 
of the day and night The blood films weie tieated by lecognized methods 
lor staimng The miciofilaiiae found m the peripheral blood weie identified 
as F banaofti, and the cases classed as positive In many cases stools weie 
examined foi the piesence of helminthic ova The counts of the red and white 
cells were made by Thoma Zeiss's Hsemocytometer The haemoglobin percentage 
was airived at by Gowei’s method Differential leucocytic counts were made 
after staining the films by Giemsa stain 


Results obtained 

The lesults aie incoi pointed undei Tables I and II Table I shows blood 
changes m cases m which the embiyos of F bancrofti were found in the peri- 
pheial blood, and Table II shows similai changes in the absence of miciofilarne 
m the peiipheial blood 

The tables ue explanatoiy m themselves 

( 813 ) 



I Ao/r 0)1 lilood ('li(ui/)i’s 1)1 F)l(i) t(ii,is 


I 

Shou nu) blooil ( /iiuiyi s in Jdti)Hi'>is (K baneiolti) 
C.i'C-' "liowiii^ iiiKiohlaii i* Ml tile jiLiiplicKil blood 


_ - s ,\\ R (’ i-tu 
Details of the else - 5. = " l mm IX \- 

Ec\, igc, totil para- " C -'I minvtios 


Din-Husmo iiucociTi count 

1 MMIWnON b\Ml HOIKS 




i) i\ Niuht 

P 

1 

1 1 I 

1 

T 1 M 1 r i: 

1 1 ' 

1 ' 1 


duration signs, i. ^ S - ^ 

helmiuth ov i 


M , 29 jT'i pir 25, SO 5,1J2 j 7,.500 7,500 ! o" ' h JO * 3 [ 1 5S 7 , 28 4 i 3 

2 N rs , orchitis, ova i , 

ml I j , 

AI , 40 JUS, p 11 1, "0 5,210 j 0,2")0 6,562 od S 31 3 } 2 , 52 S 33 1 3 

1 yrs, hydiocele, i ' ! i 1 

lumbncoide^ , ' 'I I ' 

M,15yra,pu 10 ,|GS 1.S96 7,500 7,lS7 57 5 35 | I j 2 ' 59 5 132 2 ~ 

data, negative i j ! ! 

M, 32 vib, par 40, i 65 4,781 5,025,5,937 59 j 1 33 | 1 j 3 j CO 1 32 2 2 

data, negative 1 ' I I 1 I 

i\I, 22 yrs, par 3SS,| 62 ^ 1,608 ,5,312 5,312 51 10 31 | 1 1 | 55 10 | 30 2 3 

2 yro , oichitis, ' I I ' 


ova, ml I 

M , 31 yis, pai 8, j 82 5,452 16,500 

8 yrs , elephantoid j I I 

scrotum, ova, ml I ' 

M, 35 yis , pax 3, 84 i 6,416 17,000 

2 months, hydro- I I { 

cele, ova, ml j I 

M, 30 yis, par 8, 76 | 6,080 7,36) 

data, negative 

M , 20 yis , par 6, 80 5,640 7,400 

data, negative I i 

M , 55 yis , par 16, 80 6,144 8,750 

data, negative | 

M , 30 yis , par 12, 75 5,648 6,875 

data, negative 

M , 34 yis , pai 66, 72 5,384 5,937 

data, negative 

F , 18 yrs , par 6, 70 5,008 6,875 

3 months, fever, 

ova, ml I 


64 ' 1 20 I 2 1 

62 5 26 3 1 

64 6 25 2 ' 3 

1 

62 j 6 28 1 ! 3 

I 

66 I 6 24 2 2 

61 5 29 3 ' 2 

58 5 32 2 3 

j 

56 6 33 2 3 



Average Parasites 74 5,440 6,860 6,499 1 59 6 30 2 3 57 7 31 3 

45 I I 
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Table II 


Showing blood changes in filanasis (F banciofti) 

B Cases not showing miciofilaiiaa in tlie peiipheial blood 



, 


\V B 1 

r, 1 


Differentlal leucocyte 

COUNT 





□ PER. 


examination 

SAME HOURS 






r ATAf 

Da A- 











Details of the case 
se\, age, duration, 

c 

o 

" ! 

€ - 
^ -I' 

ari>. mov 

3\ME HOURS 


Day 


1 


Night 


signs helnimtb o \ a 


o o 


1 











1 

' 



1 












c Et ? 

O c 

Day : 

Night 

P 1 

E 

L 

T 

H 

P 

E 

L 

T 

H 

1 

as 

1 










1 

M 43 yrs 6 yrs, 

65 

5,504 

7,500 

6,875 

60 

4 

30 1 

2 

4 

62 

4 

28 

3 

3 

elephantoid scro- 
tum, ova ml 1 




i 

1 

J 











M , 52 vrs 1 vr , ele- 

65 

5,280 

6,562 

7,187 1 

56 

7 

28 1 

4 

5 

58 

6 

28 

4 

4 

phantoid scrotum, 
ova ml 




1 

f 

1 

» 









M 20 yrs, 3i yrs, 
hydrocele, ova ml 

64 

4,896 

5,312 

5,625 

52 

8 

34 1 

3 1 

3 

54 

S 

32 

3 

3 





36 1 








M , 61 jTs 18 , 

hj drocele o\ a ml 

68 

4,824 

5,937 

5,625 

52 

6 

3 1 
1 

3 

53 ’ 

6 

35 

4 

2 

34 

M 40 yrs 1 yr. 

62 

4,760 

6,562 j 

6,875 

i 54 

7 

3 

2 


7 

32 

3 

3 

elephantoid leg, 

ova, ml 




30 

1 


55 j 








M 25 yrs 2 vrs, 
elephantoid leg. 

80 

5,640 

7,500 

1 

i 

1 

60 

3 ' 

1 

3 

! ^ 




1 



o\ a, A duodenale 



1 






^ 3 






M 45 jrs, 3 M^, 

70 

4,76S 

6,200 i 


62 

6 1 

25 

4 





I 

1 


elephantoid leg, 




1 


1 






1 

o\a, ml 





i 


1 


1 



! ! 



M 60 yis 4 months, 

64 

4,152 

6,200 


64 

4 

28 i 

I 1 

1 3 






hydrocele 1 

M 29 yrs 4 vrs, 

75 


59 

5 

1 29 

1 3 

i 4 


1 

! 




5,936 

8,000 

orchitis, ova, ml 






1 







M 25 > rs 1 vr , 1 

SO 

5,672 

7,500 


64 

4 

25 

3 

1 






inguinal adenitis i 
M 36 yrs, 10 yrs,] 

70 

8,125 

1 

02 

4 

27 i 

4 

3 






5,728 

hvdrocele ova, 

4 lumbricoides 


1 



1 










M 30 yrs, 2 yrs. 

65 

5,408 

6,250 

1 

58 

5 

30 

3 

4 






orchitis, ova, ml 

M 20 yrs, 1 vr , 

64 

5,088 

6,875 

1 

52 

12 

30 

2 

4 






elephantoid leg 

o\ a, ml 



i 

f 












M 24 yrs, 3 yrs. 

68 

5,368 

7,187 


54 

S 

32 

1 

5 






h\ drocele o\a, ml 














M 20 yis , S months 

60 

4.952 

5,625 


56 

8 

31 

2 

5 






orchitis ova, ml 















\\ erage . 

68 

5,198 

6,756 

6,437 

57 

1 

' 6 

30 

3 

4 

56 

6 

31 

4 

3 


Summary op results 

(1) The %anation m the percentage of hsmoglobin is between 62 and 84 
a\eiage 74, in the positne cases, and 62 and 80, average 68, in the negative 
cases ^ 


SiO 


*1 Note on Blood Cliantjes in Filanasis 


The noinial mean luoinoglobin value m the adults of Gaya district varies 
bet\\ecn 72 and 75 jici cent (Koike, 1927) It uppeau theiefoie that there 
IS no maikcd fall in the lueinoglobin peitentage fioin the standard 

(2) The mean value ot the led blood cells pei c inin is noimal in the 
positne (5,440,000) and negative (5,198,000) cases ot filaiiasis 

(3) Sinnlailj the moan value ot the white blood cells per emm (day and 
night counts) i" neaily noimal (po-itnc i.ase>, avciage, 6,743, negative cases, 
average, 6,675) 

(4) Theie appeals to be no appieciable difteience between the diljerential 
leucocytic count made during the identical hours ot da> and night, except for 
the fact that the cosmophile cells show’ a tendency tow’ards a rise and poly- 
moiplioniicleai cells towards a fall, both in the po&itive and negative cases of 
filanasis This change appeals to be due to filanasis, as the presence of 
helminthic ova found m the cases apiicais to be negligible 

(5) The number of miciofilaiue m the pcnpheial blood does not seem to 
influence the normal value of the red cells, but there is a suggestion in the 
case of w’hite cells w'hich are below’ normal {vide cases 4, 5 and 12, Table I) 


Korkl, V T (1930) 


REFERENCE 

Tutn-,(tc(toni>, F E A T )I 7th Co/iorm, (Calculla, 
1927), III, p 258 



NOTES ON SOME INDIAN SPECIES OP THE OENHS 

PHLEBOTOMUS 


Part XXVI. 

PHLEBOTOMUS ELEANORM n sp 

, - BY 

Major J A SINTON, i m s 
{Malana Swvejf of India, Kasauli) 

[Received for publication, August 12, 1930 ] 

Among a collection of sandflies made on 3rd Apiil, 1930, in human 
habitations on the Impel lal Cattle Faim, Karnal, Punjab, was found one male 
of a new species It is pioposed that this insect be named Phlebotomus 
eleanoi ce 


Phlebotomus eleanoi cc N sp ( c? ) 

The species belongs to the eiect-haiied gioup The specimen was contained 
in a collection consisting of P nunutus, P bahu, P papatasii and P seigenti 
and was not diffeientiated fiom the lattei species prioi to mounting Foi this 
reason no description can be given of its appeal ance in the fresh state 
Appeal ance of stained and mounted specimen 
The measuiements of the specimen and the lelative lengths of its different 
appendages aie guen in the attached table 

The insect is a coinpai atively large species, measuiing about 2 9 mms 
in total length 

The Pharynx (Plate XLVIII, fig 5) is about 3 9 times as long as wide and 
Its bioadest part is only about 1 6 times its narrowest width The pharyngeal 
aimatuie consists of a senes of faint transverse curved ridges, some of which 
have uiegularly notdied postenoi margins The buccal armatme is poorly 
developed and the pigmented area is absent 

The Antenim (Plate XLVIII, figs 3 and 4) have paued geniculate spines on 
all segments fiom III to XV These are shoit and stout and do not extend 

( 817 ) 



SIS 


Ao/t’.s 0)1 t>o))i(‘ /)idui)i SpciACb 0/ Phlcbotomiis 


as fai as. the sucLueding ailiculation Seynieiit III is diorter 

than the* coinbiiicd nl "cmutMil'i IV .uul V. but inuie than half the length 

ol segment'' \1I to XVI 

The l-'alps ( Plate \L\TII, (ig 2) h i\e i lui inula ol 1, 2, 1, 3 5, the lelative 
length" ol the diiieient "egnunl" being 3 I, S 8, 12 2, 10, 22 i The combined 
length oi "egimnl" 1 ind 2 eciu il thit ol .1, uhuh i" di"tinctl} inciassate 
Xc\V"tead’" "pint" nuinbei lo-lS ami aie "Uiuitid it the junction of the middle 
ind ba"al thud" ol the 3id "Cgiuent 

The irimy (Plate \L\ III fig I) i" ibout 3\ tiinc" a" long as bioad The 
di"tanee f i" \ei\ small and the "ubiO"tal \em end" "lightK piowmal to the 
commencement ol the did \cin 

The Ihnd Ley is iclati\el\ long and mea"mcs "lightK inoie than the body 
length The lemui foini" one-lointh 01 the leg and i" appioMiuately of the 
same length as taisal segments 2-5 The tibia i" about oiie-thiul the length of 
the leg 

The Male Gemtaha (Plate XLVIII figs b, 7, S and 9) have been mounted 
so as to give a doiso-vential view, and aic chaiatteiistic m shape The 
piOMinal segment of the i>upetio) da^pu i" bioad and has a small tubercle 
arising fioin its internal suiface iieai the base This tubeicle cairies about 
10 hairs wdiich aie about 90 long and ha\o cuned tips The tubeicle closely 
lesemble that seen in P ’ieiycnti Paiiot This "Ogment is about equal in length 
to the intei mediate appendage but is distinctly shoitei than the mfeiioi claspei 
The pioximal portion of the distal segment of this claspei is stout and iiiegulai 
m shape, w^hile the distal half is much naiiowei and cyhnclncal It beais 
5 stout curved spines each about 0 1 mm long These hace the following 
aiiangement an apical pan arising very close together, a single spine aiismg 
fiom a stout tubercle on the inner side of the middle of the segment, and two 
spines arising from smaller tubercles situated on the innei and outei sides 0 
the segment at the junction of its basal and outei thuds Of the last spines 
the outer is moie slendei than the otheis 

The inbomittent o)gan shows rounded and slightly dilated tips, resembling 
those in P soyenti The genital filanie)it is not piotiuded The pompetta 
lies across the junction of abdominal segments 7 and 8 with its major portion 
m the foimei 


Diagnostic chaiacters 

The shape of the distal segment and the distribution of its spines diffeien 
tiate this species fiom all the othei eiect-haned species The presence of n 
tubeicle on the innei suiface of the basal segment of the supeiioi claspei Ims 
only been described in P papatasii, P caucasicus (P li Popoff) and P seifiicnh 
In P papatasii this stiuctuie is veiy small, in P caucasicus it is laige, while I 
in P sergenti it is similar to that seen m P eleanoi ce 



Palp Antenna | Mouth j Bodj 


J A Sinton 
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Phlebotomiis eleanorw n sp ( c? ) 


Structure 

Lengths 

mms 

Clypeus and head 

0-385 

Thora\ 

0 670 

Abdomen, proper 

1600 

Sup clasper, seg 1 

0-255 

Total length 

29 

Labium 

_ 

0-220 

Epipharynv 

0160 

Pharym, length 

0-200 

Phannx, breadth 

0-031 


Relative lengths, fomulse, etc 


= 1 77 X wing length , ^ hind leg 


P P 

— = 327 — = 437 
L E 

= 3*9 X breadth 


I 


Segment III 

1 

= 

i 

III < Rr 4. V IV = V = VI 

Segment IV 

J 0-100 


Segment V 

ClOO 

rV + V + VI ^ XII-XVI 

Segment VI 

0100 

2 

1 Antennal formula — — 

Segments XII-XVI 

0350 

ni-xv 

Total length 

1 400 

1 

i 

= 7*37XIIIrd =4XXII-XVIth 


Segment 1 

1 0 042 

Segment 2 

0108 

Segment 3 

' 0-150 

Segment 4 

0-123 

Segment 5 

1 (7276 

Total length 

0 700 


Formula 1 2 4, 3, 5 

Relatne lengths, 34,8-8, 12*2, 10, 22 4 

1 -i- 2 = 3 


Genitalia Hmd leg Wing 


S20 


X()l(\^ nu Induui Sprcir^ of Phloliotomiis 


t'luicturt 

1 I t nttllH III 

1 

j U(liti\e IciigtlH, lormiilji, etc 

1 


Lengtii 

1 bi.i 

I = ,“7 X lire idlh 

Bic ultli 

()T1.{ 

1 

« 

a 

0-2'>7 

i “ = 1 28-^ =066— =0S6 — =009 


\ !■> / 7 “ 

15 

0-200 

1 

7 

0r300 

1 

1 

b 

0-021 

(t 0 ti /3 

— =002— = 1 72 — ^ =064 

t t V 

t 

o-iii 


e 

0711 

Wins ^2-30 



i) 

r 

0-070 


Femui 

0757 

= } length leg, > tarsal segs 2-5 

Tibia 

1028 

= i lengtli leg 

Taisiis, seg 1 

0-550 


Taisus, segs 2-5 

0-743 


Total length 

3-08 

(Not including co\a and trochanter) 

Sup claspei, seg 1 

0 255 

= 1 57 X 2nd seg , = inteimed app 

= 081 X inf clasper 

Sup claspei, seg 2 

0-162 


Intel med appendage 

0-258 


Intromittent organ 

0171 


Infeiior claspei 

0-312 

= 1 30 X siibgen lamell® 

Subgenital lamellae 

0 240 


Pompetta 

(7120 

________ 




Explanation op Plate XLVIII 

Phlebotomus eleanorcs ( ) 

Fig 1 Wing 

„ 2 Palp showing position of Newstead’s spines (N) 

„ 3 Segments III and IV of antenna 

„ 4 Segments XIII-XVI of antenna 

„ 5 Dorsal view of phaijmx 

„ 6 Doisal view of mtromittent organ 

„ 7 Tubercle on basal segment of supeiior clasper 

„ 8 Distal segment of supenoi claspei 

„ 9 Male genitalia of one side S, basal segment of superior clasper 
S', distal segment of supeiioi clasper, with one apical spine missing 
lA, Intel mediate appendage IC, mfeiior clasper SG, subgenital 
lamelte T, tubeicle on basal segment of superior clasper 




NOTES ON SOME INDIAN SPECIES OE THE GENUS 

PELEBOTOMUS 

Part XXVII 

PELEBOTOMUS BAILYI N SP 


BY 

MiVJOR J A SINTON, IMS 
(Malana Survey of India, Kasauh ) 
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As was pointed out in previous papeis there were included in the minutus 
group of sandflies in India a number of species which had been diagnosed 
piovisionally as P minutus vai The older methods of identification mdicated 
that these were probably separate species, while by the newer aids to diagnosis 
it has been possible to divide this group in+o at least seven different species, 
each with well-marked specific characters During the last few years I have 
collected a large number of specimens of a new species of this group from 
different parts of India I am also indebted to Major D Clyde, i m s , to 
Mr R Senior White, f a s e , and to Subedai J D Baily, i i.r n , for specimens 
from various localities The last worker especially has supplied me with 
numerous specimens from the Central Provinces, Smd and the Punjab, and I 
have great pleasure in suggesting the name Phlebotomus bailyi for this species 

Material 

klore than one hundred specimens of this species have been collected and 
these have been found in the following locahties — 

Punjab — ^Lahore, Kainal, Chandigarh, Ambala District, Kasauh, Sanawar, 
Gaikhal and Kuthar State, Simla Hills 
United Piovinces — Sahaianpore, Rooikee and Hardwar, Saharanpoie 
District, Dehra Dun, Laharpur, Sitapur District 
Bihai and Onssa —Barhi, Hazaribagh, Nauamandi and Ulibura, Singh- 
bhum District, Titlagarh, Patna State ’ 

T, iiR ( 821 ) 
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on Some Indian Spi’cicb of Plilobotomiis 


Ccntial P)ovoHCs — Xai^pui , KiUnntec, Pachiiinrhi, Iluida, Itarsi, and 
PipauNa, Ilosh.im'.ihad Dodliei, h.uiioi, Paiabia and Chhmd 

w.ua, Chliindwaia DnttKt, Kh.mdua, Niniai Distuet 
Ma(bat> — Kattadv, Satikona and Sikai Kopa, Vuagapatam Agenc} 
A* -]F F P)ovin(C — Deia T-^inail Khan anil l.indola, Wa-sinstan 
Sind — Wnlul, Taukliana Tando Mahomed Khan, Hyderabad 

District, Panoakd, Snkkur Dibtucb 

Fiom this hbt it can be ‘^cen that thib bpccic-' c\i>ts at altitudes from a 
fc\\ feet abo\e soa-knel up to b,000 leer, -'nd luib a \ei\ wide distnbution in 
India It IS, howcvci, a muih laiei toim than P babu, and usually forms 
not moic than 3 pei cent of the miautui giou\) in anv ini\ed catch fiom the 
plains, while in the hill» it i" ielati%eh nioic vbundant and is found along with 
P montanus, P majoi and P c/iinc/n>is 


Phlcbotomns bailyi x sn ( $ ) 

The type specimens dc'sciibcd here w'cic all collected dm mg July m a 
dw'elling house in Kasauli, Simla Hills, at a height of about 6,000 feet These 


montane specimens show' slight but definite (hneienccs fiom speciniens 


collected 


fiom the plains, so it is pioposcd that the latiei v.iiicty be called, foi the sale 
of convenience, P bailyi vai cainpestei 

The species is a dark medium-sued one, slightly laigei than the more 
common membcis of the vnmitns gioup The vciy pale pleuiai aie in maiKei 
contiast to the daik integument of the icst of the body and give the msec 
the geneial appeaiance of a small specimen of P aigentipes 

When examined undei the micioscope it has a vciy daik gieyish biown, 
almost black, general appeaiance and some specimens showr a lapis-mzu 
iiidescence of the haiis and scales of the body and its appendages 
integument of the pleuiae, cox®, tiochanteis and uppei paits of the feraoia is 
yellowish, m marked contrast to the very daik blown appeaiance of the icst 
of the insect The abdominal bans aie recumbent on the dorsum, while those 
of the venter have a ruffled appeaiance and are inclined to be semi-iocumben 
The dorsal hairs are dark greyish biowm, those on the venter being shgi y 
paler with a yellowish tinge The genitalia aie usually lighter in colour tian 
the rest of the abdomen The erect hairs on the dorsum of the thorax and hea ^ 
are greyish brown with darker tips The wings ai,e covered wnth dark 
hairs, infuscated towards the alar margins They have a golden-bluish or 
lapis-lazuli iridescence The lialteies are almost black The legs are a veiY 
dark grey with a silver y sheen by reflected light The palps and antennie are 
dark grey 


Appearances %n stained and mounted specimens 
The measurements of the Type and three Co-type females are given m 
Table I, in which the relative lengths and ratios have also been given fiom 
study of eight specimens 
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The average total length of rhese specimens was 2 6 mms (2 4-2 75 mms ) 
The posteiioi poition of the huccal cavity (Plate XLIX, fig 6) has the 
appeal ance of being foimed of two pointed ear-like pi ejections, which are more 
pi eminent in vai campestei (Plate XLIX, fig 7) This is very similar to that 
seen in P chi istopliei si (cf Sinton, 1927a, Plate IX, figs 10 and 11) The 
pigmented aiea is completely absent in the type species but in var cainpestei 
there is a small but distinct aiea, often squaie or lectangulai in shape, with a 
solid appeal ance The buccal aiinatuie consists of a large number of very 
small fine teeth, which tend to be ananged in several distinct rows, especially 
lateially The hypophaivnx is stout with a wide base and the ratio palp over 
epipharyns. averages about 4 5 

The length of the phai ynx (Plate XLIX, fig 3) is about 2 8-3 times that of 
its greatest bieadth, while the nariow anteiioi portion is about twice this 
breadth The armatuie consists of a series of transverse curved ridges, the 
posterior margins of which carry small shoit teeth 

The antennee (Plate XLIX, figs 4 and 5) have a total length about 7 times 
that of segment III and about 4 3 times that of segments XII-XVI The 
lllrd segment is about 200/t long and extends as far as the tip of the proboscis 
The length of this segment is slightly greater than the combined lengths of 
segment IV and V, while the lengths of IV, V and VI are about 0 85 times 
that of segments XII-XVI The antennal formula is 2 over III to XV, and 
the spines are of medium length and stout m chaiactei 

The palps (Plate XIjIX, fig 2) have a formula of 1, 2, 3, 4, 5 and the rela- 
tive lengths of the segments averaged 24, 66, 90, 10, 21 6 The combined 
lengths of segments 1 and 2 equal that of 3, while segment 4 forms about l|5th 
of the palpal length The latio palp ovei labium is about 3 2 Newstead’s 
spines aie situated on the basal third of the 3id segment and number about 40 
This segment is markedly incrassate 

The wing (Plate XLIX, fig 1) is about 4 times as long as broad The 
■venation shows considerable variation as shown in Table I The ratio 5 over 
a IS about 0 47 

The hind leg is about 4 times the length of its femur and 3 times that of 
its tibia The latter segment is about twice the length of the 1st tarsal segment 
The female genitalia (Plate XLIX, figs 8 and 9) have a smooth spermatheca, 
which is nearly twuce as long as broad It corresponds to Type B of Adler and 
Theodoi (1927) and has a nariow duct The post-genital ndge carries 3 or 4 
spines 

P/i£eboto)tius hailyi var campestei, the vaiiety of this species found on 
the plains, differs from the type in the following points the buccal region has 
a small angulai sohd-IooLing pigmented area (Plate XLIX, fig 7) , the length of 
segment III of the antenna is usually less than 200;{ , while m the type it is 
generallv gicatei than this, the length of this segment m the variety usually 
equals the combined lengths of segments W and V, while in the type it is 
gi eater, the total length of the antenna is about 74 times segment m as 
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compaicd witli only 7 tiniO'i in the t>pe, the ratio S over a is usually about 
0 5, vhile in the type it is. Ic'i, the hod} length of the type species is usually 
gicatci than that of the vaiiet\, tlie outline of the postciioi portion of the 
buccal eavit\ is uidei and mote basin-shapcd than in the type 

Difjetcntial di(i(ino‘^ib 

The inaikcd contiast between the light pleiiue and the dark integument of 
the lost of the body, when picsent in a nicduiin-si/ed i ccuinbent-haired species 
with a colnpalatl^clv long 3, usualK indicates this species 

The absence of eictt ban-' on the doi'i of abdominal segments 2 to 7 and 
the smooth outline of the speiniathete difieientiates this species from the 
mcmbeis of the eicct-haiied gioup The 'shape of the posteiioi poition of 
the buccal cavity latlioi icsemblos that of P chustophcm, but the numerous 
small teeth of the buccal aimatuie in P bailyi aic vciy different from the few 
laige ones in the eicct-hancd species 

The pooily developed buccal ai mature and pigmented aiea in the females 
of this species at once distinguish it fiom the othei Indian membeis of the 
iccumbent-haiied gioup The naiiow wing w’lth a lelatively long a and 2 
and the long Illid antennal segment icsembles those seen in P montanus, with 
which it may be associated in the Himalayan foot-hills The w'ell-developed 
pigmented aiea and buccal airaatuic in the Pttei species make the diagnosis 
easy (c/ Smton, 1927, Plate VIII, fig 10) 

P bailyi shows ceitain i cscniblanccs to the Philippine species, P 
Banks, but if the desciiption given heie be compaied with that of P nicnic 
given by Smton (1930) the followung difteiences wall be noted In the latter 
species the posteiioi poition of the buccal cavity is not so expanded, the pig- 
mented aiea is moie loundcd and less solid looking, the posteiioi end of the 
phaiynx is moie constiicted, the wing is lelatively bioadei, being about h 
times as long as bioad, the Illid segment of the antenna is shoitei, Newsteads 
spines aie situated on the middle not the basal thud of the 3id palpal segment 
and are fewei in numbei 


Table I 

Plilebotomus hatlyi n sp ( 2 ) 



Structure 

Lengths m mm 
specimens numbei 

of 

Remaiks, aveiage relative 
lengths, etc 

1 

1 2 

1 

3 

4 


Clypeus and head 

0400 

0*343 

0 343 ^ 

0*370 



Thorax 

0*643 

0 570 

a714 

(7628 



Abdomen proper 

1457 

1357 

1530 

1 500 


PQ 

Sup clasper 

0*170 

0*143 

0*170 

0 143 



Total length 

2 67 

2*41 

2*75 

2 64 



* Averages taken from eight specimens 
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Table I — conoid 



structure 

Lengtlia m mm 
specimens number 

of 

Remarks, average relative 
lengths, etc* 


1 

2 

3 

4 


Labium 

0r234 

0200 

0 243 

0 221 

P P 







— = 3*18 — = 45 

a 

Epipharynx 

ones 

0140 

0168 


L E 

:i 

Pharynx, length 

0168 


0174 


= 2*8 X breadth 


Pharynx, breadth 

0063 


0058 

0 048 



Segment III 

0216 

0180 

0*216 

0195 

>IV + V IV = V = VI 


Segment IV 

0-096 

0*087 

0093 

0 090 

IV + V+VI < XII-XVI 


Segment V 

0100 

0090 

0096 

0090 

2 

o 

Segment VI 

0100 


0102 

0093 

Antennal formula 

3 

Segs XII-XVI 

0-342 

■SStCfl 

0345 

0310 

= 1 6 X Illrd III-XV 


Total length 

1500 


1500 

1360 

= 7 X inrd , 4 3 X Xll-XVIth 


Segment 1 

0 036 

0 033 

0040 

0 033 

Formula, 1, 2, 3, 4, 5 


Segment 2 

0-100 

0087 

0100 

0093 

Relative lengths, 2 4, 6 6, 9, 10, 

91 A 


Segment 3 

0135 

0120 

0138 

0129 

= 1 + 2 

fk 

Segment 4 

0-150 

0132 

0153 

0141 

= l/5th palpal length 


Segment 5 

0-315 

0270 

0339 

0318 



Total length 

0-736 

0 642 

0768 

0714 



Length 

2-200 

1630 

2 000 

1830 

= 4 X breadth 


Breadth 

0 500 

0 400 

0485 

0443 



a 

0-385 

0243 

0-393 

0328 

a 

-==0 90 Ji=120 

P y 


p 

0 400 

0*328 

0393 

0314 



y 

0-285 

0*328 

0300 

0300 

-1 = 12 1=047 

y “ 

q 

2 

0*200 

OlOO 

0185 

0143 



e 

0543 

0370 

0570 

0 470 

-l.= 0*68 -1=2*0 

£ £ 


e 

1071 

0814 

1070 

0914 








fv-Ti Wmg 


'T 

OlOO 

0128 

0114 

0*030 

— 071 „ — 19 

e 6 


Femur 

0800 

0 657 

0*800 

0714 

= Ueg 


Tibia 

1057 

0871 

1057 

0928 

= 4 leg , 2 X tarsus seg 1 

to 

Taisus, seg 1 

0543 

0443 

0543 

0*485 



Tarsus, segs 2-£ 

0714 

0585 

0700 

0643 


fl 

Total length 

3-1 

2*55 

31 

2 77 

(Not mcludmg co-ta and 







trochanter ) 


Sperm , length 

0075 

0060 

0 072 

0075 

= 1 8 X breadth 



Sperm , breadth 

0042 

0033 

0039 

0*037 



♦Averages taken from eight specimens 
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Nofr,', 0)1 So))ic hnhan Sprcicb 0/ I^lilobotomus 


Plilcbotomui baibji n sp ( (J ) 

The UKale le'-eniblea the foni.ile in geneinl appearance, being of a dark 
giejibh blown coloui, but h olten "lightly lighter in hue The mfenoi clasper 
cm lies a numbci 01 faiheiy "caleb 


Appeal am in stained and mounted specimens 
The measuieiiientb ami lelaine length-^ oi the difteient appendages, etc, 
fioin foiii specimens me given m Table II 

The total lenqth \aiied fioin 2 0 to 2 S mins 

The buccal cavity (Plate L, figs 5 and G) shows an armature consisting 
of a laige niiinbei ot \eij small line teeth which tend to be arranged m two 
01 thiee lows The pigmented .11 ea m ib^cnt 111 t>pc specimens but many 
specimens of ^al lampcstei ha\e a small but distinct pigmented area The 
latio palp o\ei epiphaiynx a\eiagcs about 4 9 

The length of the phui ytn (Plate L, fig 9) is about 3 2 times its breadth, 
wdiile the naiiow' anteiioi portion is about twice this breadth The armature 
resembles that m the female but is slightK le^s developed 

The antenme (Plate L, figs 3 and 1) have a formula of 1 over III to XV 
and the geniculate spines me compmatively short Segment III is longer than 
in the female and 1 caches beyond the tip of the proboscis Its length is approxi- 
mately equal to that of segments IV and V combined The total length of the 
antenna is about 6 8 times that of segment III, about 4 6 times that of segments 
XII-XVI, and 0 9 times the wung length 

The palps (Plate L, fig 2) have a formula of 1, 2, 3, 4, 5 and the relative 
lengths of the segments averaged 2 2, 6 1, S 5, 10, 21 1 Segment 4 is lelatively 
longei than m the female, and forms more than l|5th of the palp The com- 
bined lengths of segments 1 and 2 equal that of 3, wdnch does not show the 
marked incrassation seen in the female Newstead’s spines me about 10 m 
number and are situated on the distal end of the basal fourth of the 3rd 
segment The ratio palp over labium averaged about 3 5 

The wing (Plate L, fig 1) is narrower than in the female being 5 times 
as long as broad The ratio S over a is also shorter, being about 0 39 
The hind leg is longei than the body length and is about half as long 
again as tire wing The femur forms about one-foiuth and the tibia abou 
one-thiid of the leg length 

The male genitalia (Plate L, figs 7 and 8) are of the minutus type but 
larger than usual The proximal segment of the supenoi claspei is about 2 
times the length of the distal one and about 1 32 times that of the intermedia e 
appendage The distal segment carries 4 stout curved spines each about 100 
m length These spines are placed two apically and two very sub-apmahy) 
while the segment is distinctly broadened at the origin of the latter spines 
The small non-deciduous spine is more distal than usual in the minutns group) 
its point of origin being almost level with the sub-apical spines The inferior 
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TABIiB n 

Plilehotomus hailyi n sp ( c? ) 


Structure 

Lengths in mm 
specimens number 

of 

Remarks, average relative 
lengths, etc* 

B 

2 

B 



Clypeus and head 

0-357 

0-343 


1 

0-370 



Thorax 

(7543 

0528 


0043 



Abdomen proper 

1530 

1530 

1457 

1500 


n 

Sup clasper, seg 1 

0-276 

0 290 


0300 



Total length 

27 

2*7 

2-6 

2-8 



Labium 

0-195 

0 214 

0200 

0 225 

P P 


Epipharyna. 

0140 

(7150 


0172 

— = 35 — = 49 







L E 

§ 

Pharynx, length 

0-147 

0156 

0156 

0170 

3-2 X breadth 


Pharynx, breadth 

(7048 

0048 

1 


0054 



Segment HI j 

(7230 

0252 

0246 

0278 

7:IV + V IV = V = VI 

c3 

Segment IV 

o-iii 

0130 

0117 

0135 

IV + V + VI = XII-XVI 

§ 

Segment V 

0112 

0130 

0117 

0135 

1 


Segment VI 

0-111 

0130 

0120 

0135 

Antennal formula 







in-xv 


Segs xn-xn 

0-345 

0370 

0-360 


= 1 5 X nird 


Total length 

1 

1600 

1743 

1670 

1914 

= 6-8 X nird, 4 6 X XH-XVIth 


1 Segment 1 

(7030 

0033 

0033 

0 036 

Formula, 1, 2, 3, 4, 5 


1 Segment 2 

0 090 

0-090 

0090 

0700 

Relative lengths, 22. 61, 8-5, 


! Segment 3 





10, 211 



0120 

0135 

0123 1 

0141 

= 1 + 2 

(5 

Segment 4 

0144 

0156 

0144 

0165 

> l/5th palpal length 


Segment 5 

0306 

0 333 

0315 

0345 



Total length 

0-690 

0747 

0705 

0787 



Length 

1785 

1900 

1857 

1 2143 

= 5 X breadth , 066 X hmd leg 


Breadth 

0350 

0385 

0370 

! 0443 



a 

0270 

0257 

0300 

0-357 

-^=075 A=i-27 


iS 

0357 

0393 

0364 

0457 

p y 


7 

0343 

0270 

0330 

0300 

— = 096 -l-=039 

I-* 

I-' 






7 a 


0 

OlOO 

OlOO 

0114 

0164 

i 


£ 

0 413 

0430 

0443 

0514 

a a 

— =063 ——2-17 

^ £ 


6 

0900 

0 970 

0928 

noo 


— 


OlOO 

* A, 

0114 

0107 i 

7 

0114 



*A\ erases taken, from four specimens 
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KoIc 6 on Soma Indian SpcowH of Phlebotomus 

I'mill II — com Id 


Strutturo 


in iiuu ot 
'jii linn lid niiiiibi r — 


Ki.tiur!\-<, ucrage relatue 
lengthd, etc* 




1 

•> 

J 

1 1 



Femur 

0 700 

1 

0711 

, 

07U j 

1 

0-7o5 

= 1 h g 

Tibi t 

CT'Jhl 

0 970 

ir'j70 1 

1 111 

= i lig, <2X t>r:=nsseg 1 


4 ir-iii', seg 1 

0 700 

U-'iUO 

0.7 >0 1 

0-771 

1 

a 

T u-ius teg-] 2-5 

0l)U 

0 077 

OruH 1 

0r71l 

1 (Not including coxa and 


Tot d Iiuath 

2-xO 

2-;^i ' 

2-05 

1 52 

1 

1 



I 

troLhauter ) 


[ Sup cl itper, seg 1 

r I 

0 270 1 

0 200 

1 

(]r2N> 

0300 

= 2-3 X ^eg 2, 1‘32 X interned 


1 

Sup disjicr.fccg 2 

0 120 

0-152 

1 

0ri2G 

0735 

ipp 

'a 

intermed append 

0 207 1 

0-222 

1 0-210 

0231 


3 

Intromit org in 

O-IGS 

Q-ISO 

0 171 

0195 

= 17 X inter app , 1 14 X sub- 

O 

Inf clasper 

0 210 

0-210 

1 0 222 

0255 

0-190 

0210 

1 

1 0-190 

02 1C 

gen lamella) 


Subgen lamcllm 


* Averages taken from four specimens 


clasper is unaimed and is slightly shoitci than Die basal segment of the superior 
claspei , but longei than the intei mediate appendage It is about 1 14 times as 
long as the subcjenital lamcllie The mt) omittent oigan is narrow with a 
slightly dilated ape\ The genital filaments aie piotruded in some specimens, 
and have obliquely tiuncated tips The pompetta usually lies about t e 
junction of the 6th and 7th abdominal segments, except in those specimens 
with piotiuded genital filaments in wdiich it may be moie poster loi 

The male of F bailyi vai campestei resembles that of the type e\cep 
that some specimens show a small but distinct solid-looking pigmented area 
(Plate L, fig 6) 


Diffeiential diagnosis 

The morphology of the male gemtaha is quite distinct fiom any of 
membeis of the eiect-haned group except P hospitii, P chnstophei si an 
P clydei The pigmented aieas m these species is much larger than m P bai y > 
in addition P clydei has a palpal formula of 1, 2, 4, 3, 5 and m P chnstof isrsi 
the combined length of palpal segments 1 and 2 is less than that of 3 

In the recumbent haued group the morphology of the male hypopygi^ 

P sylvestns, P zeylanicus and P himalayensis* is distinctive In P ' 


the 


*It was suggested m an earlier papei (Smton, 1924 ) that the numbei of spines on ^ 
distal segment of the superior clasper of P himalayensis might be four, not 
origmally beheved An examination of some new specimens of this species has shown 
m adihtion to the three spmes described m, the type specimen, theie is also a smaller o 
sub-apical one 
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P hai 1 audi and P squavivpleuns the spines on the superior clasper are all apical 
and the non-deciduous spine is moie piovimal The intromittent organ in 
P minutus IS also bioadei and moie lounded apically None of the spines on 
the supeiioi claspei of P babii, aie so maikedly sub-apical as in P bailyi and 
the non-deciduous spine is moie piovimal The plate joinmg the lateral bais 
of the buccal cavity of P babii. is eithei veiy markedly concave on its posterior 
maigin or shows a distinct notch, while in P bailyi it is almost straight The 
male genitalia of P montanus closely lesemble those of P bailyi but the buccal 
moiphology makes its differentiation easy (c/ Sinton, > 1927, Plate VIII, 

fig 11) The distribution of the spines on the superior clasper in P vialabancus 

is very like that in P bailyi but the very short size of jS, the much longer 
Illrd antennal segment, the bioadei wing and the 3rd palpal segment shorter 
than the combined length of 1 and 2 diffeientiates this species 
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Explan VTION of Plvte XLIX 
Phlcbotomus bailyi ( 9 ) 

Fig 1 Wing 

„ 2 Palp N Ncwstead’s spines 
„ 3 Phaiynx 

„ 4 Antennal segments III and IV 
„ 5 Antennal segments XII-XVI 
„ 6 Buccal cavity of P bailyi (type) 

„ 7 Buccal cavity of P var campcster 

„ 8 Speimatheca 

„ 9 Post-genital plate 



Plate XLIX 



Explan vTiov of Plvte L 
Phlebotomus bailyi ( d ) 

Wing 

Palp 

Antennal segments III and IV 
Antennal segments XIII-XVI 
Buccal cavity of P bailyi (type) 

Buccal cavity of P bailyi vai campester 
Male hypopygium 
Distal segment of supeiioi claspei 
Pharynx 


Plate L 





STUDIES IN MALAEIA, WITH SPECIAL REFEBENCE TO 

TREATMENT 


Part XIV 

THE EFFECTS OF DOSAGE OF DRUGS AND DURATION OF 
TREATMENT ON THE PRODUCTION OF CURE 


BY 

Major J A SINTON, i m s 
(Malaria Survey 0/ India, Kasauli ) 

tRecened for publication, October 6, 1930] 


A GREAT variety of opinion, seems to eust as to the best dosage of quinine 
and the duration of treatment necessary for the cure of malaria These are 
pomts of considerable interest both to the physician and the patient As 
malaria is a common disease among the poor population of the tropics and 
the cinchona alkaloids are relatively expensive drugs, these pomts have also 
an important economic aspect 

Om moie precise knowledge of the relationship of dosage and duration 
of treatment to the production of cure, both chnical and permanent, depends 
mainly upon the extensive investigations on malaria which were earned out 
during the Wai and afterwards * In any discussion of these factors it is 
necessary to consider separately the palliative effects of the drugs on the clmical 
manifestations of the malarial fevers and their effects in the production of a 
permanent cure of these diseases 


♦Although a \eiy large amount of literature has accumulated around the subject of 
quinine treatment, much of this is useless for comparative purposes Even when a .similar 
dosage has been used by two different obsen ers, Jthe method of administration, the duration 
of treatment, the chromcity of the infection, the season of the year, the type of population, 
the cn tenon 01 relapse, etc, etc,ha\e \aned marked! j m the different investigations It is 
onij when these factors are more or less constant m anj senes of observations, and when 
proper scientific precautions haae been taken in the work, that the results are comparable 
(Smton, 1926) 
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(1) Pm.LIMIVK 1 I I 

A-, quickiH*''? ol fiction is to he inned at in the amelioration of acute 
attack" of tlic"e lc\(i", (l()"a}'e in lelation to lapicl action i^ important The 
fust point to 1)0 ion"KloiLil in siuh a (lHcU"-?ion la whether any difteiences have 
been iouiid botucen the oluct" ol diltiient doita in the tieatment of infectioib 
with each ol the tliice "iieiiC" ot malarial pa’a"ites The palliative action of 
the ilifteient toinia ol iieatimnt ictana l)e"t evaluated bj their effects on the 
duiation oi level and the i)cac'i"tence ol paiaiitc-? in the peripheral blood 


(a) Do\U(jc in nUttion to the spccict> of paiasite 
It has been the exiieiieiue ol clinuiaiib loi m in> yeais that laiger doses of 
quinine scemcal neces"aiv lui the contiol ol the clinical manilestations of malig- 
nant teitian malaiia than ot benign tcatian Watcis (1912) and Bass (1922c) 
found the clinical sjmpiom-, ot mo-^t ca'C" ol benign teitian inalaiia relieved 
by lelativclj small do"e" oi (piinine, but the majoiity of malignant tertian 
cases leciiiiied a much kugei amount Thi'> has also been the experience in 
om Kasauh vvoik The vvoik on the inlections with P vivax foi therapeutic 
purposes have demoiistiated that these aic amenable to very small doses of 
quinine 


A'lacGilchiist (1915) detei mined the ninimal lethal doses of quinine for 
the vulneiable stages of P, vivax, P falupaium and P malance to be lespec- 
lively about 0 10, 0 15 and 0 20 gun pei 70 kilos body-weight of patient 
He also found that with equal doses of the cinchona alkaloids the average 
dmation of fevei wms shortest in benign teitian and longest in quartan, with 
malignant tertian inter mediate Eugling (1918) reports that in Albania a 
single dose of quinine less than 0 75 gim for an adult w'as insufficient to damage 
Ol diminish considerably the number of benign teitian parasites m the pen 
pheral blood, while at least 1 0 gim was lequiied m malignant tertian cases 
Stephens et al (1917) showed tliat a single intravenous injection of 10-15 ^rams 
of quinine would cause a clinical cure in benign tertian but not m mahgnan 
tertian malaria 


Fletcher (1925) tested the effects of quinine and quinidine sulphate in r® 
treatment of malaiia in Asiatics The dosage was regulated in proportion 
body- weight The patients all suffered from a mild form of the disease an 
there was an unusually large proportion of quartan infections The average 
number of doses of quinine required to cause a disappearance of parasites ho® 
the peripheral blood was 8 7 in quartan, 4 5 in benign tertian and ® ® ^2 
malignant tertian infections With qumidine the results were 9 1 , 3 4 and 
doses respectively The average number of doses of quinine needed to abohs 
fever was 3 5 in quaitan, 4 8 in benign tertian and 4 7 in malignant tertian 
cases, while with quimdme they were 4 7, 2 4 and 3 5 respectively 

These reports, combined wuth the very extensive clinical evidence, indicate 
that the minimal dosage of quinine needed to control the clinical manifestations 
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of benign tertian malaria is less than that needed m mahgnant tertian infec- 
tions The work of MacGilchrist (1915) and of Fletcher (1925) also suggest 
that an even greater dosage may be required m quartan malaria 


[h) Relation of dosage to the cure of clinical symptoms 

A great variety of opinion exists as to the correct dosage of qumine to be 
used during the acute attack of malaria, but, as was seen m the discussion 
above, this probably depends upon the species of parasite responsible for the 
infection being treated 

In mahgnant tertian malaria Thomson (1917) considers that nothmg less 
than 30 grains daily is sufficient and even as much as 45 grains may be given 
Rogers (1918) recommends 30-45 grains daily during the acute stages of the 
disease Deeks (1925) in primary mfections gives a daily dosage of either 
30-60 giams daily for a short period or 5-10 grams for a longer time In the 
West Indies and in Panama most chmcians seem to recommend a dosage 
of 45 grams daily during the acute stages of malignant tertian malaria, indeed 
in most areas m the tropics where this fever is common, 30 grains seems to be 
the minimal daily dosage recommended to control the fever 

Marshall (1918) states that qumine ‘must be given in adequate doses, at 
least 30 grains m 24 hours, small doses are not only useless but may be harm- 
ful ’ Ross (1919) says ‘ moderate doses of qumme - say between 20 and 40 
grains daily for adults - suffice in the vast majority of cases to reduce both 
fever and asexual parasites within two or three days ’ In an Editorial m the 
Indian Medical Gazette (1921) 20 grains is given as the minimum effective 
dose of quinine Bass (19226) recommends 30-40 giains daily during the acute 
stages Piatt-Johnson and Gilchrist (1921), in a series of malaria cases 
(61 per cent benign tertian), found that, as the daily dosage of qumme lose 
from 16 to 23 grains, there was a fall m tne average number of days during 
which it vas necessary to keep patients in hospital In benign tertian malaria 
Ross (1921) considers that doses greater than 15 grains daily are only 
necessary during fever 

Fletcher (1923) conducted a series of carefully controlled experiments m 
the Federated hlalay States He found that doses as small as 10 grams of 
quinine daily were enough to cure the attack m benign tertian, malignant 
teitian and quartan malaria in Asiatics, who weighed on an average about 
100 lb , but considers that for routine treatment a dosage of 10 grains twice 
dailj'- should be used * 


The long series of investigations, carried out by Stephens and his colleagues 
at the Luerpool School of Tropical Aledicine from 1917 to 1919, produced 


in correspond to almost 30 grams for a European weiglimg about 

10 stone It must also be remembered that these Asiatics had hved most of them h^es 
m malarioug areas and maj thus ha\e de% eloped a certam degree of tolerance to the clinical 
effects of the mlecUon, thus reactmg more easilj to smaller doses of qumme 
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some \ci\ Intel cbtini; icsults in the tic'itment of chronic benign tertian malaria 
among Euiojiean patient-^ la) \\ hen gi'uhiatod doaCT of quinine from 5 to 
90 giaiiia weie gi\en on caeh of two auccc-aive dacs, ifc was found that if 
u‘^uallv icquned a dail\ dosage oi 10 grama or moie to cause a cessation of 
febiile paioM'^nis (Stcjilieii'i ct al , 1918) (h) The palhatue eficcts of con- 

tinuous daiK dosCs ol 30 and 15 giani'. weie inoic marked with the larger dotCj 
(Stephens ct ul , 191Sa) (i) The palliative effects of two laige doses of 

quinine gncii on two con^ccutue da\s weeklv wcic bettei than the same total 
amount spicacl ovci the week in '-niall diiided flo>e- (5-15 giaiiis), and a total 
of 90 giains weekly was bettei than 30 {Stephen- ct al , 1919) 

Fiom a geneial study of the cnoiiuous amount of liteiatuie on the treat- 
ment of malaiia, it would seem a geneial lulc that, in those aicas where? vivai 
IS the common paiasitc and P falupaiiim laie, do-cs of 20 grains of quimne 
daih aie usually consideied adequate In the tiopics, however, and more 
especially in those icgions w’lieio P fakipa)um is the prcdoimnant parasite 
and w’licie such infections may assume a pcimtious chaiactcr, 30 grams of 
quinine seems to be the nunununi daily dosage usuallv leconiraended during 
the acute stage of the mahuial fc\cis Woikeis in the lattci aicas have often 
to depend in piacticc upon a clinical diagnosis, foi neithci the time nor the 
facilities may be available to make an accinate diagnosis of the species of 
parasite lesponsible foi the fevei in all cases ’I'licy also loalize that mixed 
infections may not be detected in oidmaiy microscopical examinations, tliere- 
foie, m then loutine dosage they legislate foi the moic scveie infection, le, 
malignant teitian malaiia 

In the investigation of neaily 4,000 cases of malaiia earned out duiing 
the last 8 yeais in Noithein India, w'e have always found that a daily dosage 
of 30 giains of quinine, if piopeily admmisteiccl, was eftective m contiollmg 
the acute clinical symptoms of malaiia, in the absence of any complicating 
disease 

The conclusions arrived at fiom oui expeiience and from the above evidence 
aie that (a) while 20 giains of quinine may be sufficient to contiol the acute 
manifestations of benign teitian malaiia, vet a moie lapid action is pioba y 
obtained with a daily dosage of 30 giains, (b) a daily dosage of not less than 
30 grains of qumme is probably lequned dining the acute stages of quartan 
and malignant tertian infections and (c) foi loutme woik 30 grams of qumme 
daily seems the best daily dosage m the acute stages of malaiia, iiiespscti’'^® 
of the species of paiasite involved 

(c) Ejects of dosage on the persistence of parasites in the penpheial blood 

MacGilchrist (1915) tested the effects of both Iaige~and small doses 
the different cinchona alkaloids on the three forms of malaiial infection an 
foimd that the rate of disappearance of parasites from the peiipheral blood v/as 
more rapid with large doses than with small ones Piatt- Johnson and Gilchrist 
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(1921) found that the positive blood findings after 8 days^of treatment fell 
from 29 pei cent with a daily dosage of 18 grains of quinine to 19 per cent 
when 27 giains were given 

The following results with chionic benign tertian malaiia were obtained 
by the Liveipool workers (a) Daily doses of 10 grains or more of quinine on 
two consecutive days caused the disappear ante of ail stages of P vxvax from 
the peripheial blood, but with doses of 5 giams this was not always so (Stephens 
et al , 1918) (h) Continuous doses of 45 grains daily were more effective 

than 30 grains (Stephens et al , 1918a) 

These results support the view that large doses have more effect than 
small ones in causing a disappearance of parasites fiom the peripheral blood 
This IS in keeping with the results obtained in the amelioration of clinical 
symptoms, which have been discussed m the previous section 


id] The ejects of daily dosage on the occuiience of ■> elapses during treatment 
Thomson (1917) foimd that doses of 5 grains of qmnine daily were in- 
sufficient to keep under control the symptoms of malignant tertian malaria 
Bass (1922) says that this dosage is not sufficent to kill the parasites and cure 
the infection m all cases of malaria Ross (1921) states that ‘ 8 grams or 
more in benign tertian malaria sufficed almost invaiiably to improve the cases 
greatly while being taken ’ Bass (19225) tliinks that ‘ there are practically 
no cases that continue to have parasites in their blood while taking as much 
as 10 grains of quinine sulphate by the mouth daily following the rehef of the 
active symptoms’ Treadgold (1918) lepoits that parasites could ^ be found in 
the blood of 66 pei cent of patients, mostly benign tertian cases, ordered 15-20 
grains of quinine daily undei War conditions, while they were found in only 
50 per cent of those ordered 30 grains daily * 

Fiaser (1919), from a study of about 8,000 patients mostly suffering from 
benign tertian malaria, concluded that ‘no man can i elapse during the period 
he IS swallowing 15 grams of quinine sulphate daily,' that smaller doses are not 
sufficient and that this amount is better given in a single daily dose Fletchei 
(1918) observed over 2,000 patients in the Federated Malay States, of whom 
about one-si\th were benign tertian infections and the lemainder either mahg- 
nant tertian or quaitan Among these he only found 8 cases of relapse while a 
dailj dosage of 20 grams of quinine was being given and in even these cases 
he suspected that the diug was being evaded Row (1919) recorded only 4 
relapses among 774 European patients with benign tertian malaria given 
10-20 giams of quinine daily, and even then he could not exclude the possibility 
that these patients were avoiding their medicine 


• It must he remembered that under the stress of such conditions, it 
patients to e\ ide their medicine, and at the same time gastro-mtestmal 
not 111 uncommon cause of defective absorption of the drug 


was much easier for 
derangements were 
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Stephens ct al (19186) te‘'tc(l the effects of tlic oral administration of 
quinine bulpliate in dobc-^ of 10, 15, 50 'ind -15 "rains dailj for two consecutive 
du" weekh o\ei lone; ptiioda Fiom the niunbei of febiile parasitic relap e 
obsened, tliC'-e woikei" "tate that ‘o'. i geneia! iiile, tlie smaller the dose the 
gicatoi the nunibci of lelap-'ON, tiiii is well seen in the grains 15, 30 and 45 
senes, the figuicsi given in the giaina 10 bciics aie anomalous, but their value 
must be to a certain extent di'-counled owing to the lelativcK small number 
of case-' obbOived’ Hus'. (1918) gives the le-ulti oi soveial senes of chrome 
benign tcitian cases tieated at Epsoin rluiing the Wai If his figures are 
examined it is found that the peuentage ol [luasitit lelapscs dining continuous 
tieatment with 5 giains of quinine dail} was piob iblv about lb 5, with 10 grams 
about 3 2 and with 15 giaiiis about 3 0 In two sciics treated at Oxford with 
10 and 20 giaiiis dailj the figuics vveie about 5 8 and 1 17 pci cent Bass 
(1922c) states he ‘has iicvei been able to discover a case which contmued to 
have symptoms while taking 30 giaiiH oi nioie diilv ’ 

Among ovei GOO casca of chionic benign teitian malaiia investigated m 
oui inqiiii}’’, when the tempeiatuie liad been bi ought to noimal by largei doses, 
no lelapse, eithei clinical oi paiasitie, could be detected dining the period while 
a daily dose ot 10 grains of quinine m solution was being taken In many 
instances the tieatment lasted 6 weeks 

From the lesults iccoided abovm it seems evident that daily doses of 
than 10 giains of quinine m solution aie in many instances insufficient to prevent 
1 elapse while being taken 


(e) Conclusions 

The evidence detailed above indicates that 20 grams of quinine daily for 
an adult is the minimal dosage which can be expected to piodiice the mos 
rapid clinical action dm mg the acute stages of malaiia While this dosage 
may be sufficient in most cases of benign tcitian malaiia, 30 grains daily seems 
to be the minimal daily dosage foi routine use m the acute stages of inahgnan 
tertian and quaitan malaiia 


(2) Production of a permanent cure 
In the pioduction of a peimanent cure in any form of malaiia the duration 
of tieatment seems to be intimately bound up with the size of the daily dosage 
of quinine used, and thus with the total amount of alkaloid taken In inahgnan 
teitian malaiia little difference could be found by us betw’’een the cuie lO 


almost 

these 


produced in fiesh as compared with chionic infections It is, however, 
universally recognized that in infections with P vivax the cuie rate m 
two conditions may vaiv very consideiably undei the same forms of tieatme 
(Sinton and Biid, 1929) 

(a) Durahon of tieatment %n i elation to i elapse 
Bailow (1915) records the lesults of varying duiations of tieatment m the 
production of peimanent cures in nearly 600 cases of acute malignant tertian 
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malaria His treatment consisted of 20 to 30 giains of quinine bisulphate daily 
in capsules foi 2 days, followed by 15 grains daily foi one month and then 
15 grains twice weekly foi two moie months He lepoits the following results 


Duiation of 
treatment 

Less than one month 
One month 
Thiee months 


Numbei of 

Relapses 

patients 

Pei cent 

116 

100 

246 

37 

218 

ml 


Cardamatis (1918) tested the value of piophylactic quinine on cases experi- 
mentally infected with P falcipamm by mosquito bites He found that doses 
of 15 giains of quinine daily foi one week failed to pi event infection in 33 per 
cent of cases, while doses of 6 giams daily with 9 giains eveiy third day, when 
given thioughout the summei, weie successful Thomson (1917), as the result 
of Ills im estigations of malignant tertian malaiia, believes that prolonged 
courses aie more effective than are short ones Chopra (1922) consideis that 
courses of one month’s duration aie needed in malignant tertian malaria to 
effect a permanent cure, while m benign tertian malaria the duration must be 
two months Among the malignant tertian infections treated with quinine and 
alkali by Smton (1926a), it was found that the relapse rate fell as the duration 
of treatment was increased fiom 4 to 7 days and with it the total amounts of 
quinine 

Several workers have expressed opinions on the effects of the dimation of 
treatment on the permanent cure of malaria, without any special reference to 
the species of parasite involved Bass (1922a) says that when the clinical 
symptoms have been abolished by doses of 30 grains oi moie of quinine daily, 
‘ if we should give 10 grains daily to a group of malana-mfected persons for 
only one week and stop, a small proportion will be disinfected by even this 
short treatment, but most of them will relapse sooner or later If the tieat- 
ment is continued two weeks a largei pei cent would be disinfected If it is 
continued for foui weeks 60 to 70 per cent are disinfected If it is continued 
for eight weeks between 90 and 95 per cent aie disinfected It would probably 
take more than three months’ tieatment to disinfect 100 per cent ’ Baermann 
(1923) treated a numbei of patients suffering from infections with the different 
species of malaria paiasite and lecoids a i elapse rate of 25 pei cent following 
30 grams of quinine daily for 4 months, as compared vitli 50 pei cent when the 
course lasted 2 months Flctchei (1923) also thinks the duiation of treatment 
as important as dosage and says ‘with lefeience to giving reduced doses or 
interrupted treatment, towards the end of a course, we find ourselves m full 
agreement with Thomson (1917) that it is much better to continue with doses 
which are known to be curative lathei than to play with the parasites by half 
killing them with the drug and tlien allowing them to recovei ' 

Acton, Curjel and Dewej (1921), as a result of then work on chionic 
malaria, concluded that ‘ bx increasing the duration of treatment of benign 
J, MK Q 
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teitian infectionb the ciianet' ot ouic is iL'luti\el> increased, thus it is 289 for 
a two month''’ coiU'e, 1.3 I pei lent loi a tom month-5, bl per cent for a sk 
montli-' and bO pei tent loi eit^ht month-?’ 

Yoike and Mattie (,1921) tamed out -ome \eij valuable work on the 
‘ piophv lactic ’ u-e of (lUinmt m dl iie-'h mtcction-? with P uiwrx produced bj 
mosquito bite Thev lonchidtal iiom then ie-?nlt» that an\ action of the drug 
was latlici m the natme of an eaiK luie than of a true pi oph> laxis by the 
destiuction of spoiOiCoito Tliev lound that daily tloaCa of 10 grains of quinine 
had to be continued loi at least 10 day-? aitti the intccting bite to pieventthe 
dev'elopnient of inlcction Shoitei peiiods weie not siinicient, but with larger 
doses (30 giains) the peiiocl neee-'aiy wa-' slightly shoiteiied Rudolf (1927) 
found that only' 1 1 pei cent ut cascs of inoculated malaiia relapsed after a 
tieatinent consisting of a total of 200 giaiiis ot (|uiniiie administered during 
17 da-ss, while tho^e patients who leceived i single dose of 20 grains of the 
chug all lelapscd lie thinks that these lesults ‘show cleaily that the occur- 
lence of lelapscs is depcndcait upon wliethei a vciv ■'iiiall amount of qumme 
IS given 01 not ’ 

In expeiimental infections of benign toitian inalaiia following mosquito 
bites, Yoikc (1925) lecoids a lelapse late of 57 pei cent aftei a tieatmentof 
30 giains of quinine dailv foi 3 day'", while James (1926) lepoits a rate of only 
5 pel cent w'hen a snnilai dosage was continued foi 5 days These two senes 
of e\peiinients w'oic, of couisc, cnuied out undei difteient conditions an 
possibly with chffeient ciitciia of lelapse, still a compaiison of the results is 
interesting 

The results lecoicled by Sinton and Bird (1929, Tables II 
following the treatment of a mixed population of both fiesli and chronic 
infections with P vivax, also indicate the possibility of a use in cuie rate m 
this fevei as the duiation of treatment lose from 4 to 7 days 

Yoike (1925), basing his conclusions mainly on the results obtained m the 
treatment of chionic benign tertian malaiia, thinks that ‘tlieie is now over^ 
whelming evidence that, within broad limits, the amount of the daily dose o 
quinine, the length of time it is continued, and the manner of administration 
do not exert any influence, either on whethei oi not a lelapse occurs, oi on 
time it will occur ’ Nicol (1927) also states that from his experience no known 
method of quinine treatment either during oi after the attack is effective m 
preventing i elapses in induced malaiia 

The following table shows the results of the treatment of 875 patients 
suffering from chronic benign tertian malaria The drugs used weie quinine 
sulphate or quimdme sulphate m solution by the mouth It will be seen ho® 
these that in oui work also theie was found a definite lelationship between the 
dmation of treatment and the cure rate The one anomaly m this table may 
have been due to the fact that the treatment was an interrupted ono. 
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Table 


Alka- 

loid 

Treatment 1 Total drug 
' Grams of j (grams) — 
drugXdays | total days 
of treat-' of treat- 
ment * , ment 

Total num- 
ber of 
patients 

1 

Numbei 
lost 
sight of 

r Number 
not re- 
lapsing 

1 

Number of 
relapses 

Calculated 
average per- 
centage of 
relapses 


1 

24 X 10 

240 — 10 

i 

103 1 

7 

1 

! 21 

75 

7ff8 


20 X 1 

' 







30 X 6 

1 







TX 7 

340 - 14 

124 

2 

1 19 

103 

840 


20 X 7 , 


i 


1 



V 

CS 

30 X 14 1 


1 


1 



S 

B 1 

20 X 7 / 

560 — 21 

1 186 

38 

44 

104 

67 3 

G“ 



1 






30 X 7 1 





i 

i 



T X 7 


1 




1 


30 X 7 j 

770 - 49 

82 

4 

31 1 

47 

60-0 


10 X 35 I 








30 X 14 1 








10 X 42 j 

840 — 56 1 

172 

j 

15 

69 

88 

1 

556 


20 X 7 1 

1 




1 

1 


1 

T X 7 i 

i 280 — 14 

97 

1 

‘ 13 

83 ' 

86^2 

a; 

a 

20 X 7 1 





1 


! 






> 


3 1 

3 

20 X 21 

420 — 21 

81 

5 

12 

64 

82-8 

C? ' 

I 

21 X 7 » 

1 







14 X 24 j 

1 483 - 31 

14 

8 

0 

1 

6 

76-4 


20 X 28 

j 560 — 28 

16 

0 

5 

11 

68*7 


quum^g 

Fiom the work quoted above it is conchirierf fLot x 

..ses the duration of the qummeTeatal 

medicinal doses In chrome benign tertian malaua this m ^ Slven m 

diiect]\ piopoitionate eithei to the lenpfh nf f f ’ x J'ate is noi 

quinine gnen ' the total amounts of 


1 . Dosage in relation to pei manent cuie 

«.™ th::ir„f‘t:;.rr ?h:“ 

of smalle. or larger doses must be coiidered 
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(1918) "JU'- that ‘ '-lu'te-'i ‘it'cni" to mu> diicctl}' uith the magnitude 
of the (huh (lo''ag;e ’ Deek-' (,l92o) lound in Panama, ulieie malignant tertian 
infections uc \en loniinon, that dai!\ ilo-es ol 30 giania of ciiiinine continued 
until the tempeiatuic had lallen to noinial loi one or tuo da>a iseic followed 
by niun lelap-'Ca but, when 15 giain-' daiK uaa given till the fcvei disappeared 
and do-e-5 of 30 giaiii" (ontinucd foi 5 da^■5 aftciwaida, thcie w'as a great 
diminution m lelap-'t* late Thia woikei 'fa\ouia the toncluaion that in the 
tieatmont of piimaic infeelion-' heioic do'ea (30 to bO giaina) of quinine should 
be gnen foi the fii^t two oi thice da\'' and ledutcd do'-ca foi an additional' 
week, oi if small do''e'! (5 to 10 gi iin-' daiK) aie gi\cn the tieatment should 
be continued toi fiom ten to touiteen dasa longei to etlect a cure’ 

Stephens ct al (1918), u-'ing i d.tih do-'C of 5 to 30 giains ot quinine for 
tw'o consccutue dacs in cIuoiik benign teitian malaiia, lecoid a i elapse rate 

of 98 pel cent in b8 casc^, with 15 giaiii'^ daiK in 12 cases, 75 pei cent, with 

60 giaiiis dailv in 12 ca-'C'^, 58 pei cent and w'lth 90 giains daih m 76 cases, 
38 1 pci cent Thee concluded that ‘ il the doac gi\en on each of the two 

clays (loos not exceed 30 giains no cuiatuc etlect is obtained when the 

close given on each of the two da\s icathcs 45 griins oi moie a ciiiative effect 
IS manifest, this becomes moie maikcd as the close mcieased fiom giains 45 
to giains 90’ These woikei> fStcphen» et al , 1918a) tiicd continuous tieat- 
ments of 20, 30 and 45 giaiii'' daih foi scveial weeks and found of these that 
of giains 45 was best The conclusions of Stephen^ et al (1918b), that laiger 
doses w'eie moie effective in pieventing paiasitic lelapses dining tieatment, 
have alieady been quoted These woikeis, how'cvci, found little diffeience 
between the peimanent cuiative effects of 30 and 90 giains given wmekly for 
2 months, wdiethei adinmistcicd as two laige doses oi m small doses daily 
(Stephens et al , 1919) 

Caiclamatis f 1918a) lepoits fiom the obseivation of 480 cases of 
that 15 giains of quinine daily foi 15 clays piodiiced a ‘lachcal ciiie m 
pel cent of malignant teitian infections, m 45 pei cent of quaitan and 55 po'’ 
cent of benign teitian In anothei senes of 144 cases tieated with 22 giains 
of quinine daily foi 12 clays, the percentages wmie 88, 70 and 87 respective y 
Ross (1921) states that ‘even treatments commencing with 100 grains a day 
and continued for nearly a month m smaller doses gave no guarantee of per 
manent cure, though they seemed to yield slightly better lesults on the average 
than did smaller scales of dosage ’ Ancleison (1922) tested the value of daily 
doses of 20, 45 and 60 grains of quinine and reported that the relapse rate 
fell as the daily dosage of quinine was mcieased 

The results lecoided in the Table show that, under the conditions of 
experiments, as the total dosage of the cinchona alkaloids increased so did the 
cure late m chronic benign tertian malaiia 

The investigations recorded above indicate that better effects m the pro 
cluction ol a peimanent cure are obtained with larger doses of quinine than wit 
smaller ones It would also seem that withm certain limits of dosage, t le 
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duiation of tieatment as well as the total amount of the drug given, has also 
an impoitant influence 

While daily doses of fiom 20 to 30 giains of quinine have been found by 
most clinicians sufficient to contiol the clinical mamfestations of malaiia and 
produce a permanent cure in a gieat many cases, yet othei woikers have at 
different times reported that such doses have been ineffective in these respects 
and that they have not eradicated the parasites fiom the peiipheial blood In 
consequence of this doses as high as 60 to 90 grains daily, oi even moie, have 
been recommended foi use in the acute stages of the disease 

The so-called failure of oral quinine in doses of 30 grains daily to produce 
a clinical erne in some instances may have been due to a vaiiety of causes 
fa) the medicine ordeied was not taken or the propei quantities weie not 
swallowed, (b) if taken, the strength of the mixture rvas not that oideied, 
(c) the dose was not retained, eithei voluntaiily or involuntarily, (d] the drug 
was not absorbed, due either to gasti o-intestinal distuibances or to being given 
in a form w'hich pievented complete absoiption (Sinton, 1925, 1926) Duiing 
the conti oiled treatment of 1,505 cases of malignant tertian malaria and 1,873 
of benign tertian, carried out in oui investigations during the last 9 years, it 
has nevei been found necessary to give quinine, or any of the other cinchona 
alkaloids, in doses laigei than 30 grams daily m solution by the mouth, to cure 
an acute attack of raalaiia, when steps were taken to eliminate the fallacies 
mentioned above (Sinton, 1926) 

Doses as large as 45 grams daily can usually be toleiated by the average 
adult foi a few days, but this amount seems about the oidinaiy limit of tolerance 
in most eases This is the dosage wdnch has been recommended by most 
ph\sicians in the cases of severe malignant tertian malaria seen m Central 
America The effects of very large doses of quinine were tested at Liverpool, 
wheie Stephens et al (1918n) found that continuous tieatment with 20 to 30 
giams daily W'as tolerated foi S weeks, but only 12 out of 19 patients could 
stand 45 grains daily for this time The same w'orkeis (Stephens et al , 1918) 
report severe crnclromsm wuth 90 grams daily for 2 days and formd that 5 out 
of 15 patients could not tolerate closes of 120 giains daily for the same peiiod 
(Stephens et a ! , 1918c) 

It IS w^ell knowm that excessive doses of quinine may have a harmful effect 
on different organs of the body Nieienstem (1919) found that when the 
concentration of quinine in the mine wse above a certain point, that ‘ compli- 
cations apparently set in which produced a passing albuminiina ’ This worker 
and others report tliat medicinal doses of more than 30 grains of quinine orally 
aie liable to pioduce this effect and that e\en smaller doses by the rntiavenous 
01 intramuscular routes may cause rt 

In the expeirments of Stephens et al (1918c) mentioned above the reiapee 
rate was greater following daily doses of 120 grains of quinine than with 
90 grams, but the number of cases treated were too few from which to draw 
airy definite conclusions m the matter I^IcGaiiison and Cornwall (1918) 
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suggest tlmt inasaue (losc'i cannot tail to ittaid ‘ the development of that natural 
iinmunit\ on winch the cine of the dibcase dependa ’ Koaa (1921) thinks that 
hcioic close‘' nia\ ha\e lea'' eftcct on the paraaite than moderate ones and 
consideia that anything o\er 15 giani" daih h onh leqinied when fever h 
jneaent Yoike (1925) ako aiiggcata that ' theie nm\ be a danger from exces 
bi\e doaage, oi tiom piolonged adnniuatiation ot ciuinine, ot exhausting the body 
cells which leact with quinine to toiin the paia-'iticidal 'lUbstance/ and thinks 
that this nia\ be the lea^'cm whx Wai case-' weio 'O diflicult to cure 

It would 'Cein fiom these le-'iilt-' that an excessix'e daily dosage of quinine 
max haxe an injuiioua eftect on the boch and it aiiggeats that such doses may 
tend to defeat then own object when U'cd to inoduce a peimanent cuie 

(c) Conclusion', 

The lesulta detailed abo\e "how that b\ a inoie piolonged couise of tieat- 
inent the peimanent cuio latc can be inci eased, but that tlie mciease is not 
cliiectlx’ piopoitional to the cluiation of tieatment oi to the total amount of 
quinine given 

The evidence aKo indicates that bcttei ellccta in the jiioduction of a per- 
manent cuie can be obtained bx laigoi doaCa of ciuinine than by smaller ones 
It seems piobable, hoxvevei, that the continued use of laige doses over long 
peiiocls may haxe a haimful effect on the human body, and may ex^en hindei 
the piocess of peimanent cuie 

(3) DiSCUbSION 01 THC llELAaiONa-HIP OP THE RESULTS TO THE ROUTINE TREAT- 
MENT OF MXLARIX 

The lesults lecoided piexaouslv favoui the xuexv that foi the routine tieat- 
ment of malaria doses of, at least, 30 giams of quinine daily aie required to 
produce the most rapid clinical effects during the acute attack In 
experience when proper precautions were taken to ensure ahsoiption, a dosage 
of 30 grams of quinine in solution daily was found efficacious in all cases 
seems possible that, in those instances xvheie larger doses have been lecoi e 
as necessary, the patient xvas not absorbing the diug completely due either 
to some gastio-intestinal condition or because the drug xvas given in a foiw 
which did not permit of complete absorption While doses of 20 grams daiy 
may suffice in most cases of benign tertian malaria, it is probably msufficien 
to produce the best clinical results in malignant tertian and quartan malaiw 
A daily dosage of 30 grains of quinine in readily absorbable form xvould seem 
to be effective This dosage would avoid the possible clinical inefficiency o 
smaller doses and the possibly haimful and certainly disagreeable effects o 
larger doses 

In the production of a peimanent cure 30 grams daily seems to be the 
maximum daily dosage xvhich can be tolerated by most adults for periods o 
more than a few days at a time 
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Having decided that 30 grains of quinine daily is the optimum daily 
dosage, foi routine tieatment, one must now considei what is the optimum 
duration of tieatment The woik quoted above shows that with moie prolonged 
treatment the number of i elapses can be reduced The results obtained by 
Smton (1926a) show that one week of tieatment with quinine and alkali will 
cure a very large percentage of malignant tertian infections It has also been 
found that a very high percentage of fresh infections with P vivax can be 
cuied by short courses of quinine (Smton and Bud, 1929) The instances 
where high relapse rates have been reported after prolonged courses of quinine, 
properly administered, have almost invariably occurred when a selected popula- 
tion of chronic benign teitian infections was being treated These chronic 
cases have been estimated by Wright (1922) to form only about 10 per cent 
of all patients Under such conditions one does not seem justified m subjectmg 
all patients to the discomfort and expense of very prolonged courses in an 
attempt to procure a slightly highei percentage of cures It would seem more 
leasonable to treat all primary infections with known curative doses (30 grams 
daily) for a short period (one week) and ensure that during that time the 
tieatment is taken, retained and absorbed m the doses prescribed Such treat- 
ment if properly carried out should cure at least 70 per cent of fresh malarial 
infections, and so a veiy large number of patients would be spared the dis- 
advantages, both pecuniary and bodily,* which prolonged administration entail 
The smaller percentage of relapse cases could then be dealt with some of 
the special methods suitable for such cases 

A suggested routine tieatment of malaria based on these lines has been 
published (Smton, 1930) 
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Ip one neglects for the moment the effects of any medicinal treatment, one 
of the chief factors in detei mining the seventy of the chnical manifestations 
of any infection and the chances of recovery, either clinical or permanent, is the 
virulence oi toMcity of the pathogenic oiganism involved The severity of 
such infections may be augmented by an inciease in the inherent virulence of 
the organism, by a low degree of lesistance in the host, by increased dosage 
of the organism oi by a combination of these factors 

As judged by the e\periments on viiulence which have been carried out 
with certain of the pathogenic blood protozoa, this is a factor which may have 
an important bearing upon the mechanism of cure in malaria It is a well- 
established fact that different strains of the same piotozoon may diffei 
markedly in then viiulence to animals Such differences have been studied 
more especially with tivpanosoiues and piioplasms It has also been proved 
that the virulence of the same strain of some of these piotozoa can be markedly 
enhanced by a series of passages tliiough certain animals, while passage through 
anothei species of animal may lovei the virulence The normal degree of 
Miulence can, hovevei, be le-established by repeated passage thiough othei 
susceptible animals 

Unfoitunatelj animal m% estigations of this natuie have not been earned 
out m the case of the human malaual parasite, because so far none of the 
common hboratoiy animals have been found susceptible to mfection with this 
paiasitc The recent work on the expeiimental mfection of patients suffering 

( 845 ) 



846 Studies ut Maluiut, inlh Spedal Rcfi-ivucu to Tieatment, 


fioin mcntiil discu-it-i with P vivut foi theiapeutic purposes has, however, 
pioduced "Ome \ei\ inteie-’tinj' ob>ei\iition'' which have a beaiing on this 
subject 

The Miulente ol an\ "liain ui paM-'ite may be inanifcat by the toxic 
symptom-' it pioducc' m tlie iu)>i, and thi-' innuenccs tlic dcgiec of ease or 
difficultv with winch a chnual ime lau be pioduccd eithei by natural or 
medicinal means But it may aNo be maniie--t b\ the powei of the parasite 
to le-'ist such mean-' uul to -'Ui\i\c m the ho-'t, m spite of all attempts to 
eiadicate it and so jnoduce a jieinianent tine ot the disease 

The eftects ol jiaiasitic iiuasiun may be con-'itlered undei the following 
headings (n) The inheient oi noimal \nulence of difieient strains of parasite, 
(b) an\ enhanced Miulence ilue to temiioiau conditions and (c) the dosage 
of the naiasite lecenetl by the host 


la) ] (i)iatioiis ill the noimal iniulcncc of diljeicnt stiaiiiti 
The woik on theiaiieutic infections with P iivai suggest that the di&erence 
between appaient lesistancc to infection oi to its clinical manifestations and 
infection w'lth marked clinical "% mptonis is only a niattei of degiee, all stages 
inteimediate between the&e two ovtiemc*'- being found 

Kusclibaum (1917) lepoits that m tliciupoutic nialaiui he has found no 
exudence of diffei cnees in tiie Miulence of the stiaiiis of P vivax used by hnsi 
although the geogiaphical ongm of these was xeiy diveiso He attiibutes the 
difteient clinical effects obseived to individual difleiences in the hosts On the 
othei hand, the obseixations of some woikeis (Rudolf, 1924, Pijper and Russe , 
1925, Bimkei and Kiiby, 1925, Lilly, 1925) indicate that difteient strains o 
P vivax niay*^ vaiy veiy consideiably m then vnulence, as judged by 
seventy of the clinical symptoms pioduced 

Patients who have pioved lefinctoiy to one stiam of this paiasite have been 
round susceptible to anothei (Nicole and Steel, 1926) , or even to the same strain 
aftei passage through the mosquito (Rudolf, 1927) Rudolf (1927) suggests as 


the result of hrs work, that ‘’the question of the degiee of immunity prO' 


duced 


by artificially-inoculated malaria vanes with the strain of paiasite employe 
James and Shute (1926) managed by using a different strain of P vivQ'^ ° 
infect, by means of mosquitoes, some cases w'hich had previously been foun 
resistant to blood inoculation with another stiam These woikeis diaw 
conclusions that ‘ several aitificial inoculations, at intervals, by the diiect-bo 
method of one strain of P vivax do not confer an immunity against 
infection wnth anothei vivax stiam’ They also conclude from then woik 
one attack of malaiia (induced either by blood inoculation oi mosquito bi e ^ 
due to a strain of P vivax does not confer an immunity against a second m 
tion with the same strain’ but point out that ‘the clinical character of 
second infection is quite different fiom a piimaiy infection ’ , 

Maichoux (1922) thinks that theie is a multiplicity of stiams of the t 
malarial parasites This, he considers, accounts foi the recoids that Seneg 
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negroes immune to malaiia m then own country succumb to the disease when 
taken to Dahomey Legei and Nogue (1923) have also biought forward 
epidemiological evidence in suppoit of the view that the inhabitants of an area 
may become toleiant to the local stiam of ^laiasite, yet at the same time be 
susceptible to the pathogenic effects of strains present in other areas Boeckh 
(1925), Ciuca, Ballif and Vieru (1928) and Dschapaiidse (1929) thmk that 
immunity to malaiia differs with the different species of malaiia parasite, while 
the fiist worker believes that it vanes also with different strains of the same 
parasite 

Several voikeis have put forward as an explanation of the severe type of 
malaiia seen in some regions dm mg the Wai, that there had been introduced 
by the troops fiom other areas a qumme-resistant strain of parasite* Plehn 
(1927) reports such a strain of P jalnpamm, which persisted during three 
passages through patients being treated for general paralysrs of the insane, but 
found that while the parasites resisted quinine, this resistance had no relation- 
ship to the toMcitj of the parasite Seigent and Sergent (1921) have also 
lepoited a qiiinine-iesistant stiam, which developed among then buds in Algeria 
Aigumg fiom his obseivations Plehn (1927) consideis that the seveie malaria 
of the War can be explained by the development of such qmmne-resistant 
strains, w'hicli maintained then peculiarity tluough several passages He 
suggests that the quinme-sensitive strains would be killed off before the forma- 
tion of gametocytes by the intensive qummization m force, while the resistant 
strains would survive and produce gametocytes, thus bemg spread by the 
mosquito and becoming the piedommant form Ziemann (1920) also thinks 
that malaiial parasites may be divided into aviiulent forms, virulent forms and 
intermediate forms, according to their degree of resistance to quinine medica- 
tion Wenyon et al (1921) have put forward the hypothesis that the failure 
of quinine prophylaxis during the War may have been due either to certain 
sporozoites or }oung forms aiising immediately from them, being resistant to 
quinine 

If such quinine-iesistant forms exist, as judged bj the failme of qumine, 
properly administered, to erne clinical symptoms and cause a disappearance of 
parasites from the peripheral blood, they must be extremely rare, at least, m 
Noithein India An exlraustive search for such strains among nearly 4,000 cases 
of malaria, carefully investigated during the last 8 years, has failed to reveal a 
single resistant case, in spite of the fact that more than half the patients had 
previously been subjected to inan> and prolonged coiuses of quimne treatment 

There are, howerei, other possible factors which may explain the seventy 
of the sMiiptoms dm mg the Wai and the chronicity of the infections which 


* The term qmmne-resistant ’ is used in our paper to denote those cases in which it is 
reported tint the pimsites m the penpheral blood or the feier persisted in spite of adequate 
qmnme treatment It is not applied to those cases m which a clmical cure is produced 
but which relapse at a later ditc when treatment has terminated 
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1 cached the base hospitals Tlie possibility of the intioduction of multiple 
foreign stiains of paiasite, not ncccssaiily quininc-iesistant, from other regions 
must be consideied The tioops engaged in malaiious areas had, m many 
instances, aheady been in othci inalaiioiib countiics, and in this way, if stiains 
of the paiasite which diftei in then eftects on the human host do exist, the 
chance of the intioduction of such stiains Mas almost ceitain 

It is Mcll known in many malaiious aicas, where laige numbeis of troops 
weie ciowded togethci, that the individual was liable not only to one bite from 
one infected mosquito but to numeious bites fiom mnumeiable mosquitoes 
Undei such conditions the chance of a peison leceiving an infection with one 
01 moie stiains of paiasite of vaiying dcgiecs of vnulence ivas considerable 
Such vnulence may have been of a natuie which caused moie seveie clinical 
manifestations oi which was moie icsibtant to pcimanent cure The fact that 
infection with one stiain of paiasite docs not necessaiily pioduce immunity to 
the clinical effects of anothei (James and Shute, 1926, Janies, Nicol and Sliute, 
1929), wmuld also mean that with infection by each new stiain the sufferer 
would be liable to a lecuiience of clinical manifestations of gieatei or lesser 
intensity 

Bates (1912) does not believe that stiains of paiasites inheiently lesistant 
10 quinine exist noi that stiains of diftcient vnulence occui in diffeient countries 
Yoike (1925) also thinks that the stiain of paiasite had little oi no effect on 
the causation of i elapse, although in the tlieoiy of cine foimulated by Yorke 
and Macfie (1924) they speak of the development of immune-body resistant 
strains Yoike (1925) states that ‘observations made on War cases did not 
support this hypothesis (i e , of diffeient strains), as the vast majority of 
patients from such different regions as Gallipoli, Salomca, Mesopotamia, India 
and Africa relapsed ’ One must, however, lemembei in this connection that the 
xast majority of malaria infections contracted duiiiig the AVai iveie treated in 
the field and that usually only those patients ivlio relapsed on many occasions 
found then vmy to base hospitals, from ivhich if still uncuied they were 
repatriated to Great Britain oi other non-malaiious places It nms at these 
places that most of the careful scientific observations on the permanent cure 
of the disease were earned out During the numeious courses of tieatment 
which these patients must ha\e received before reaching then final destinations, 
it seems only reasonable to suggest that, if differences in strains do exist, tlie 
less resistant ones had been weeded out and only the more resistant leinaine 
Undei such conditions there does not seem to me to be sufficient evidence avai- 
able to justify the neglect of the resistance of ceitain strains of parasite to 
^ )eimanent cure as a possible cause of the clnomcity of benign tertian infections 
^mong lepati rated War cases Such a very selected population may have been 
mfected entirely with such resistant strains 
^ The ease with which a majority of fresh infections with benign teitian 
la are cured as compared with chronic ones, would support the view tha 
such process of elimination might have taken place But such appaien 
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elimination can also be e\plamed as due to a greatei powei of lecovery in 
ceitain individuals as much as to a low powei of resistance m some of the 
oiiginal stiains of paiasites In double infections with P vivax it has also 
been noted by seveial isoikeis that one set of paiasites may disappear from 
the peiipbeiai blood much more lapidly than the othei This result has been 
obseived both undei natural conditions and as the effect of treatment 

Some lecent woik in these laboiatoues is of mteiest in this connection 
The numbeis of parasites per cmm were detei mined in the peripheial blood 
of over 50 patients suffering fiom chionic benign teitian malaria The minimum 
number of parasites which weie necessary to cause fever was found to vary within 
veiy nairow limits (3,500-4,000 pei cmm) These findings suggest eithei 
(a) that all stiains of P vivax have an equal clinical vuulence, (b) oi that 
previous treatment had eliminated patients infected with strains of a lesser 
vitahty 01 (c) that lepeated medication oi piolonged giowth m the human 
host had reduced the paiasite to a condition of ‘ fixed viius ’ 

(b) Changes in the vuulence of the same stiain of paiasite 

It IS well known that ceitam bacteria lose their virulence after cultivation 
on artificial media and that this virulence can be le-established by passage 
through susceptible animals Although it is unwise to place too much reliance 
on the behaviour of bacteiia as compared with that of protozoa, such a 
possibility may be considered, moie especially as it has been found that the 
virulence of some of the othei pathogenic protozoa have been enhanced by 
animal passage 

In the case of the direct passage of P vwax through man, Reese and’ Petei 
(1924) and Marginescu (1930) state that they have found no increase in 
clinical virulence after lepeated passage and Boyd (1925) reeoids similar findin gs 
in the case of bird malaria On the othei hand, Heimann (1924), MacBride 
and Templeton (1924) and Bunkei and Kiiby (1925) consider that an enhanced 
virulence has de^ eloped in the strains used by them Sergent and Sergent 
(1921) also found in bird malaiia that a strain of paiasite which had been 
attenuated by quinine medication legained its normal virulence after several 
passages through the animal host These observations suggest that increased 
lapidity of passage through the animal host cannot be neglected as a possible 
factor in causing changes in the clinical virulence of the malarial parasite 

Engel (1918) has suggested that the climate in which the anopheline host 
lives may influence the toxic characters of P vivax It is well known that 
certain protozoal stiains renew their vitahty by conjugation, so it is possible 
that the sexual cycle induced by passage through the mosquito may rejuvenate 
or inciease the vitality of the malarial parasite In the case of trypanosomes 
however, Duke (1923, 1928) thinks that epidemic sleeping sickness is due rather 
to lapid diiect mechanical passage through a senes of animal hosts and that 
passage of the trypanosome through the tsetse fly tends to lowei its virulence 
In this trypanosome the evidence of a sexual c\cle in the insect host still 
requires confirmation 
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Gill (1928) consideia that changes in the viiulence of the sham of parasite, 
piobably P jalcipm um, phv\s onh a minoi, if any, pait in the genesis of the 
epidemics of malaiia seen in the Punjab, and that the gieatei severity of the 
clinical symptoms lecoided at such times is due to a laigei dosage of sporozoites 
leceived by the ho-'t James (1921) behe\cs that the stiain of P amax, vith 
which he has been noikmg, has inticased m clinical viiulence after repeated 
passage thiough the mosquito Rudoli (1927) also found that patients, refrac- 
toiy to one strain of paiasite bv duect blood inoculation, could be infected bv 
the same stiain aftei passage thiough the mosciuito 

The veiy difteient cflects pioduced bj tieatment m the production of per- 
manent cure in malaiia induced bv blood inoculation, as compared with those 
111 infections transmitted bv mosquito bite, would suggest also that passage 
thiough the insect host mav modify coiisideiablv the ciue-icsistant properties 
of a stiain of P vivai Yoike (1925) fouiul that following quinine tieatment 
the 1 elapse rate aftei blood inoculation was onlv 2 pei cent, while aftei mosquito 
infections it was 57 pei cent The figuic-- lecoidcd bj Davidson (1925) were 
3 3 and 56 5 pei cent lespectivelv, and othei woikcis have obtained similai 
1 esults 

The multiple infections which occurred duiiiig the Wai must have resulted 
in a veiy lapid passage of the paiasite thiough a senes ot insect and human 
hosts in many cases The evidence summaiized above suggests that such 
passages cannot be neglected as a possible factor in tending to laise the virulence 
of the parasite and causing the development of a moie toxic oi a more resistant 
stiain of parasite than that oiiginally inoculated 


(c) The quantum of paiasites received by the human host 
It has been found in some other piotozoal diseases that the type of infection 
pioduced IS considerably affected by the number of parasites intioduced into 
the host One theoiv piopounded as an explanation of the seventy of the 
clinical symptoms of malaria noted dining the Wai was that, by the multipe 
bites of infected mosquitoes, such an enormous dosage of sporozoites was 
injected that severe infections developed Chiistopheis (1911) records that 
in bird malaiia the dosage of spoiozoites seemed to have a very impoitan 
influence on the severity of the infection pioduced in bud malaiia, and similar 
observations hav’-e been noted by Seigent, Seigent and Catanei (1923) 
the other hand Pijper and Russell (1925) found no relationship between tie 
number of benign tertian parasites injected into patients and those present m 
the circulating blood James and Shute (1926) also report that they were 
unable to reach any definite conclusion that the duration of the incubation 
period, the seventy of the attack or the liability to relapse was influenced by the 
size ni frequency of the dose of sporozoites of P vivax injected by Infected, 
mosquitoes Gill (1928), howmvei, suggests that the larger quantities of sporo- 
zoites injected during epidemics explained the seventy of the clinical symptoms 
noticed at such times 
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Although an increased dosage of sporozoites may account for an increase 
in the severity of the symptoms and the difficulty of clinical cure, yet it does 
not afford any explanation of the cause of the chromcity of certain cases In 
nature, however, all infective mosquitoes would probably not have derived their 
sporozoites from the same source or strain of parasite, as was the case in the 
experimental woik mentioned, so the greatei the number of bites the greater 
the chance of the intioduction of multiple strains of parasite This might 
account for the presence of both the moie virulent and the more cure-resistant 
features recorded 


(d) Conclusions 

No certain proof has been brought forward that vaiiations in the strain 
or virulence of malarial paiasites exists, but the evidence in the case of P vivax, 
at least, very strongly supports such a view The combined weight of the 
observations quoted above goes to show that such variations cannot be neglected 
as a probable factor m the mechanism of either clinical or permanent cures in 
malaria 

In many of the obseivations lecoided above the patients who suffered from 
chronic benign tertian malaria acquired their infections during the War at 
widely distant places and only a comparatively small percentage of those 
originally infected developed such chiomcity This would suggest that such 
virulence was not the only factor m influencing resistance to permanent cure, 
but that, as suggested by James (1926), the individual susceptibility or lesist- 
ance of the host to infection may also play an important lole in determining 
this state 

Postcnpt — ^Major Coveil in a personal communication informs me of a very 
interesting observation made by him in the Andaman Islands A small party 
of young adult Karen labouieis weie recruited by a conti actor to undertake 
timber-felling operations They weie brought directly from Burma and 
placed on a small uninhabited island, the site of the work These men stated 
that in their own country the severity and incidence of ‘ fevei ’ was compara- 
tively mild among them When 44 of these labouieis were examined three 
months after arrival, the spleen rate was 66 pei cent and the parasite rate 
86 pel cent Thirty-eight men showed parasites in then peiipheral blood, of 
whom 19 had P falciparum, 6 P vivax and 17 P malanm All the anophehne 
mosquitoes caught were A ludlo-wt and 97 of these weie caught in a single hut 
These men were so prostrated with fever that work on this island had to be 
abandoned (Covell and Baily, 1927) 

The labourers all looked well-fed and sturdy men There was nothing to 
suggest that the outbreak was due either to ill-nourishment or bad Imng 

conditions Several explanations can be suggested as causes of this outbreak 

(a) A new strain of parasite had been introduced, which seems unlikely 
as they were taken diiectly from their country to uninhabited islands 
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(b) The Miulcnce oil tiien own titiniiH of paui'iitc had been enhanced b\ 
lupicl pufet-ugc tlnuugh .1 Indlovi 

(c) The men weie leecnmg an mciea''e(i do-iage of spoio^oites 

(d) The thmatic condition'5 weie micIj ns to 'itmuilato an mci eased suscep- 
tibility to the enects ol the dHCiise (Smton, 1931) 
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Part XVI 

THE RELATIONSHIP OF SEASON TO CURE RATE 
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MiJOR J A SINTON, IMS 
{Malaria Suwey oj Indui, Kasauh) 

[Received for publication, October 8, 1930 ] 

That the raalaiial fevers have a seasonal incidence has been known for 
years, and this has been remarked upon by many workers, more especially in 
connection with the spring use of infections with P vivax and the sestivo- 
autumnal pievalence of P falciparum Most observers have considered that 
this seasonal incidence was chiefly connected with the seasonal prevalence of 
the earner Anophehne and the tempeiature necessary for the development of 
the different species of malarial parasite in them Other workers, however, do 
not think that such explanations aie the whole truth and suggest that some other 
seasonal factor influences either the host, or the malarial parasite in the host, 
in the causation of this distribution of the malarial fevers More recently 
ceitam obsei rations have been made which suggest that the rate of cure, both 
medicinal and natuial, may be influenced by seasonal conditions 

Ross (1910) noted a seasonal periodicity of relapses m bird malaria and 
states (Ross, 1919) that ‘ the parasites may be influenced by season - that is, 
that relapses may be more frequent and more difficult to cure at certain seasons 
than at others ’ Riebold (1918) thinks that the occurrence and periodicity of 
relapses lies not in the parasite or man but depends upon external cosmic 
influences iMarchoux (1918) considers that the disappearance of infections 
iiith P falciparum m France is due to climate, and that season may exert an 
important effect on these cures by influencing the humoral reactions of the host 
Patrick (1919) attiibutes the benign tertian relapses seen in the spring to ‘ a 
seasonal ci clical increase m the autality of a hitherto dormant parasite ’ Plehn 

( 855 ) 
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(1919) iciiuiikb tlmt lutont uitecUou'' ic\c!il Uiein^elvcs in tlic spring and 
autumn, and tlunkb that tliu ni(nl)idit> an\e*i of inalaiia aie affected by 
change'^ m ineteoiolugical tondition-j Von Nteigaaid (1920), m an Alpine 
climate at 1,000 feet, iound that m elnonic malaiiu case", mostly benign tertian, 
the 1 elapses weie most fieciuenl horn Decembei to April, but aftei wards 
giadually diminished until Oetohei Alanuell (1929) lepoits that in bird 
nialaua theie was a genuine seasonal \anation m i elapses among his cases 
These woic most numeious lioin t5eptembci to Apiil and lowest m the spring 
and suinmei 

Siniilai vaiiations ha\e been iiotwl m "ome other di-eases Venyon (1926) 
states that /labesm bujcminn moeulated into \oung animals was followed by 
a highei peiccntage of leeoveiies it -'Ome "ea-'Ons than at others, while Reed 
(1930) states that theie aie well inaikcd ''Casonal \aiiations m the susceptibility 
of guinea-pigs to toxins 

Stephens et al (1918), when investigating the effects of season on cure 
among malarial patients at Lneipool, aiianged then cases accoiding to the 
months in wdneh tieatmcnt ended V siinilai method has been employed by 
us in the investigation of 1,240 cases of chionic benign tertian nialaiia tieated 
wuth the cinchona alkaloids at Kasauli, Simla Hills, Punjab (altitude 6,000 feet) 
cluiing the yoais 1924 to 1927 The conditions weio such as to pieclucle chances 
of reinfection 


The lesults of this w'oik have been giaphecl in the following Chait in 
which the figuies foi the 589 cases lepoitecl by Stephens et al (1918) have been 
given foi comparison In this giajih the cine lates show' a distinct seasonal 
vaiiation This, howevei, is the leveisc of that lecoided by von Neeigaaid 
(1920) and Stephens et al (1918) and, moie closely lelated to the lesultsieported 
by othei woikeis If the Kasaub figuies be studied, it wall be noted that 
although the number of the total cases obseived w'as laige yet only about 
one-fifth finished tieatraent duiing the six months fiom Novembei to Apid 
For this leason diffeiences due to dispaiity in numbeis cannot be entirely 
excluded as a cause of the appaient seasonal distnbution The lesults as 
lecoided would, howevei, help to suppoit the hypothesis that theie is a distinct 
seasonal incidence in the moibidity late m malaiia, apait fiom any inci eased 
pievalence due to a more extensive carnage of infection by the mosquito 


Most of the workers quoted above have lemaiked on the occuiience o 
this phenomenon without giving any veiy definite suggestion as to what feature 
of ihi season was possibly responsible foi the vaiiation The season of the 
yeai |has such a maiked influence on the external environment of man, his 
activities, his social habits, his clothing and his diet, that it becomes a very 
complicated pioblem to decide which factor, if any, has a piedommant influence 
on cassation Different obseiveis have attiibuted to various of these factors 
a greatW oi lessei degree of influence on the process of cure oi i elapse m 
malaria \ 



J A Sinton 


857 


It IS well known that excessive chilling or excessive exertion in hot climates 
may act as a piovocative in the causation of relapse Although such factors 
may be influenced by the clothing and habits of man, these are not enough to 
explain the seasonal periodicity of i elapse Human diet is subject to seasonal 
variations, and Schlesingei (1921) suggest that spring relapses are activated by 
the eating of fresh vegetables Although diet has a marked effect on human 
welfare and so may affect the resistance of the human host to malaiia, yet no 
piecise evidence is available on this point 

Most of the explanations advanced to account for the reported seasonal 
incidence of i elapses and cuies have attiibuted these to meteoiological condi- 
tions, such as temperature, relative humidity, barometiic piessuie, solar radia- 
tion, etc These conditions are so intimately coi related that in oui present state 
of knowledge it seems almost impossible to separate them While some obser- 
vers suggest that these factors have an influence upon the natural defences of 
the human host, otheis considei the action is diiectly upon the parasite m this 
host 

The different meteorological factors suggested seem best considered undei 
the following headings (a) Atmospheric temperature, (b) relative humidity, 
(c) barometric pressure and (d) sunlight and solar radiation 

(a) Atmospheric tempeiatwe 

Many workers have reported observations which suggest that a very distinct 
relationship exists between the cure or relapse rates m malaria and the degree 
of atmospheiic tempeiature In considering this meteorological condition one 
must remember that it is very closely related to solar radiation, another 
physical factor which some obseiveis believe to have an important influence 
on cure 

Ross (1910) thinks that high ex-ternal temperature encourages relapse, 
possibly due to a stimulation of the parasite He records that the parasitic 
infections in his birds in India tended to diminish in a cold climate and increase 
m a hot one He staters, however, that Caccini did not think that excessive 
heat had much effect on relapses in human malaria Lena (1917) reports that 
the cune of lelapses in his cases of malaria followed that of the mean summer 
tempeiature and the duiation of sunlight He considers this an adaptation to 
the flight of Anophehnes Schaedel (1918) found at Mainz that the mean 
monthly cuive of relapses among 375 patients with chronic infections (80 fier 
cent due to P vwaa. and 20 per cent to P falciparum ) , followed exactly the 
curve of mean monthly tempeiature He, however, thinks that the relapses 
depended moie on solai radiation or sunlight, which closely followed tempeiature 
but n as influenced bv the degree of cloudiness and relative humidity He also 
suggests that this is an adaptation of the parasite to the season when Anophe-i 
lines are most prevalent 

Kiischbaum (1918) thinks the cold vveathei checks the development of 
the paiasite in man as vs ell as in the mosquito and that it is reactivated by 
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spiing waimtli Bolunt* (1919) boheve-i that ielupse-3 arc commonei in warm 
climntcs as the thicei cilcet ol ehiiiatic coiulition- \mlcison (1922) obsend 
a largo numbta of patients at Saloatca ami >a%s ' inan> oi the&e cases relapsed 
fiequenth rlunng tho hot -'Oa'on, duimg tiiu cold reason the lolapses became k' 
numeioub oi o\en disapiieaiod, to tonunonto again in the eailj part of the year’ 
He thinks tiieie is a natuial tendenc\ foi benign teitiun infections to become 
quiescent in the lattei half ol the \eai Maiciiou\ (1918) suggests that the 
disappcaianee ol P faUipmum lioin Fianee h due to the influence of the 
coldei climate, while Reitlei (1919) believes that higii temiieiatuic and strong 
light have a piovoeativc etlect on both P viuai and P falcipanim 

Some of tne le-ult- obtained m the woik on theiapcutie malaria support 
the view that external tcmpeiatuie has i lekitioiiship to lelapse and cure 
Nicol (1927) believes fiom his iiuestigatioiis that w umth lavouis the develop- 
ment of the plasmodia in the human host Ilecht-Elcdu (1928) found that the 
incubation pciiod of P vivax infections altei mtiavenous injections lose from 
4 01 5 days duimg the waimei months ot June and July, to 7 days in the colder 
months fiom Octobei to Decembei James Nicol and Sluite (1929) iccoid that 
the ti ansmission of P eii’ni to man b\ mo&riuito bite was moie likely to fail 
dming the wuntei months and m those pei&ons who weie allow'ed about in the 
cold, than dining the waim months and in those who wcio kept indoois m bed 
These chffeiences they think aie due to cold assisting the natural ciuative 
processes of the body, and thc\ considci it analogous to the moie lapid cure 
of infections with P falcipanim iccoided in cold climates 

On the otliei hand, Stephens et al (1918) leeoid vciy maiked differences 
m the cuie rates of peisons stiff eung fiom cluonic benign tertian malaria 
receiving the same tieatments at different seasons of the yeai The ony 
meteorological factors they could find in any’' wary correlated to the relapse 
rate were the variations in mean temper atuie and prevalence of the east win 
The conclusion they drew was that ' the higher the mean daily temperature t e 
higher the percentage of cures’ but they^ were unable to state wdiethei sue 
observations were applicable to other countries which had different meteoio 
logical conditions Von Neeigaaid (1920) also records a higher relapse rae 
in this form of malaria from Decembei to April, wuth a rise nr cure rate m ^ 
warmer months of the year Pagniei and Schrumpff-Pierion (1925) state ^ 
in Macedonia the advent of malarial attacks ‘ is absolutely periodic as 
dependent upon outside temperature and meteorological conditions genera y 
The onset of P vivax is determined by temperatures reaching about 
continues when the thermometer rises, so long as it does not go beyond 5 V 
10 °C The falciparum outbreak only begins when the minimum temper atm e 
reaches between 25 °C and 30 °C and it lasts, in spite of the thermometer^ 
progressive fall, until a temperature of about 5°C is again reached’ 1^^ 
workers, therefore, recommend sending patients infected with P vivax to a 
warm country and those with F falcxpaium to a cold one to facilitate cure 
Veton (1921) could not discover any relationship between relapse rates an 
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temperature conditions in chronic bemgn tertian malaria, and considers that 
apparent vaiiations in cuie rate at different seasons are probably due to chance 
distribution of results 

The stimulating effects of cold on the human organism have been remarked 
upon by many workeis Marchouv (1918) also says that Martm found that 
the serum of animals kept outside m the winter was more active than that of 
ammals kept in stables These observations would support the findings 
recorded in theiapeutic malaria 

The results of the Kasauli work giaphed in the followmg Chait give curves 
in whicn the cure late seems to vary inversely as the mean monthly tempera- 
tuie, 1 e , the i elapse late follows the curve of temperature as reported by most 
other obseiveis From a study of these results, however, it will be seen that 
they are almost the reverse of those lecoided by Stephens et al (1918) at 
Liveipool and by von Neergaaid (1920) m the Alps These discrepancies make 
one wonder whether temperature per se is the sole determining factor oi whether 
some of the other meteorological factors, which may be closely correlated to 
temperature, have a more predominant influence It may also be that the 
results are due to a combination of temperature with some other factor 

(b) Relative humidity 

In many temperate countries where a distinct cold season is present at 
some time of the year, the relative humidity may be at its mavimum during 
that period In some tiopical countries where there is a distinct rainy season 
this may occur during the warm weather 

Schaedel (1918) studied the meteorological conditions at Mamz m relation 
to relapses His patients numbered 375 and were mainly suffeiing from chrome 
benign tertian malaria He reports that his relapse curve was at its maximum 
when the mean humidity was at its minimum He thinks, however, that his 
relapse curve was more closely related to the intensity of sunlight, which 
was greater when there was least humidity in the atmosphere to obstruct the 
sun’s lays Pagniei and Schrumpff-Pierron (1925) record that their cmves of 
relapses seemed related to relative humidity and they think that P vivax 
makes its appearance in the w'et season, wdiile P falciparum turns up in the 
diy weather in Macedonia, so long as the minimum temperature has not gone 
below 5 C to 10 C Manwell (1929) suggests that the high relapse rates 
obseived by him in bird malaria during December may have been due to the 
association of a high temperature with a high humidity in his animal houses 

Koizumi (1916), in his leseaiches into the pathogeny of heat-stroke, found 
that labbits exposed to high temperatures combined with high relative humidity, 
developed an increased density of the blood and a lowered alkali reserve’ 
Dorno (1924) states that sunbaths in high altitudes, m spite of the greater 
mtensit} of the sun’s laj-s, aie invigorating but in wmrm damp lowlands they 
may be enervating Bucklex (1930) finds that the experience of workers on 
theiapeutic climatology has been that high humidity is unfavourable to health 
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In Kasinili the lehtne lninndit> is .it it-, lowest duiing April, May .and 
the call} pait of Juno .ind is .it its iiiiiMimiiii duiiiig Jul}, Viigust and September 


Fiom the following Chait it will hesfcn th.il the lelapse i.itciose lapidly during 
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Apiil, Mav and June and leraamed at an almost constant high level during 
July and August Thus there was little diffeience in the rate between the most 
humid and the least humid months of the year This finding does not support 
the hypothesis that relative humidity per se is of primary import in relation to 
cure and i elapse in malaiia It is possible that the combined high temperature 
and high humichty maj have helped to keep the relapse rate high during the 
months of July, August and Septembei 

tc) Barometric piessuie 

Appel (1917) lepoits that the greater the disturbance of atmospheric pres- 
suie the greatei the number of relapses observed in his cases He states that 
relapses synchronized with falls m baiometric pressure Bruns (1919) and 
Bourcart and Laugier (1929) all think that a lowering of this pressure was 
responsible for sudden outbreaks of relapses in their cases On the other hand, 
Manwell (1929) among his buds, which were kept undei conditions where such 
possible disturbing factors as tempei ature, humidity and light variations were 
at a minimum, was unable to deteimine any relationship between relapses and 
pressm e 

Ross (1910) found that when buds infected with malaria were taken to 
the coolei climate of the Himalayas, i e , to areas of much lower barometric 
pressure than Calcutta, the number of parasites in their peripheral blood became 
diminished Other workers have also repoited that these infections tend to 
die out in buds taken to the hills If low barometric pressure pei se was a 
cause of relapse, one nould have expected an increase in the parasites under 
these circumstances 

The Kasauh patients were treated in the Himalayan foot-hills at an 
altitude of 6,000 feet, so that when they weie tiansferred there from the plams 
they were subjected to a fall in barometric pressure equivalent to 5 or 6 inches 
of mercury within a couple of days The quinine treatment of these patients 
was stopped when they weie sent to Kasauh and no specific treatment given 
until a parasitic relapse occuned (Smton, 1926) Among these chrome benign 
tei,tian patients about 23 per cent of the obseived relapses ocemred during the 
first week aftei aiiival, 26 per cent in the second and 14 per cent m the third 
If these are compaied with patients who had been in Kasauh for some months 
and had finished a couise of treatment with one of the cinchona alkaloids it 
IS found that of the observed i elapses m the latter cases, 5 per cent occurred 
during the first week aftei finishing treatment, 29 per cent m the second and 
27 per cent m the thud This higher percentage of relapses during the second 
and third weeks was also recorded by Acton (1921) among his cases m the 
adjacent lull-station of Dagshai These results would suggest that the sudden 
change m baiometric pressure was a stimulus to relapse One must remember 
Iioweiei, that these patients had also been subjected to a considerable change 
m atmospheiic temperature in coming from the hot plains to the cool hills 
This change might also account for the increased relapse rate durmg the first 
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two weeks .litei annal 'flu' (.Innm*'. in bainmctiie [acasuic experienced ^ ere 
mucli moatci than am to uhith patuiit'- would noimalh be subjected, except 
by change in altitude 'riic-e (Iiani^t^ tliicw a gieat additional strain upon 
the ciiculiitoix and le^imatoix ■'\->ieni-^ ot the pitient, winch may haxe helped 
to btinudato i elapse 

A consuleiablc mnnbti oi latent piiniaix intectioiis were detected at 
Kasaidi sexeial numths altci the ''Ubjects had ariued there, while one would 
haxe exiiected them to occm at an eailiei vlate it baromctiic changes had a 
powciful influence 

Unfoitun itch no ^x--tLinatu lecoid', of the buometiie pressuie at Ka^auh 
aic axaiHble, but the inontldx me in^ ol the atijaccnt hdl->tatioii of Simla haxe 
been taken foi compaii-on \. loxx buomctiie pics-'Uie seems to correspond 
to a high 1 elapse late, but the peiiod ot low pic-suie oceuis during the monsoon 
months fiom the middle ot .hme to the muldle ol Sepicmbci and tins is also a 
peiiod of high tempeiatine and lelaine humiditx with little diiect sunlight 
The lesidts lecoidcd b\ Manwell (1929) with bud malaiia, quoted previoush, 
xveie obtained iindei conditions wheie thcie was no maiked xauiations m these 
factois This suggests that anw appaicnt coii elation of baiometric pressure 
xvith leiapse and cuie late- is piobablj nuunlx clue to the efiect of changes m 
this factoi on tempeiatine and humidit} lathei than a tiue coiielation 

Fiom the lesults cpioted aboxo, the conclusions aiiix'ed at xxeie that there 
IS not sufficient evidence to implicate the clegice of loweiing of barometric pr^S’ 
suie noimally expeiicncod by patients as a cause ot iclapse It lathei suggests 
that the closely i elated factois of tempeiatuie and humidity may be the cause 
of any appaient coiielation 

(d) Sunlight and solai ladiation 

The intensity of the sunlight and the solai lachation aie so closely 
connected with atmospheiic tempeiatuie, lelatix'^e humidity, cloudiness, altitude, 
etc , that it is veiy difficult to evaluate the effects due to each of these causes 
sepal ately Many obseiveis foi this leason have consicleied that the seasona 
incidence of i elapses is coii elated lathei to solai lacliation than to temperature 
pel se Apait fiom its meteoiological lelationships, solai ladiation is compose 
of many diffeient spectial lays xxffiich, both quantitatively and quahtatwelyi 
may vaiy veiy gieatly in then action on the human oiganism The iclative 
intensity of these lays in solai ladiation cliff eis maikedly at diffeient times o 
the yeai, m different latitudes, at diffeient altitudes and undei diffeient meteoio 
logical conditions Until oui knowledge of the elements concerned in the effec ’ 
of solai ladiation aie moie cleaily uncleistood, it seems impossible to “ 
which factors, if any, aie chiefly concerned m the causation of the lepoi e 
seasonal incidence of malaiial i elapses 

A veiy gieat amount of leseaich has been done in lecent yeais ^ 
effects of solai ladiation on the human oiganism, but it is impossible 
article ot this natme to entei into a discussion of this work A very f^w 
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the findings which seem more directly related to the subject undei discussion 
will be quoted as occasion arises 

Exposure to sunlight has been found to cause an mci eased activity of the 
leucocytes (Colebiook, 1924) and a change in the leucocytic formula 
(Taylor, 1919) Gauvain (1930) consider that ‘the benefits of insolation 
are due not so much to the intensity of light as to shock of varying 
stimuli eliciting a favouiable response It has long been known that 
the moining sun has the greatest therapeutic value, yet it is less intense than 
the light of the midday sun This variation in response is due to the fact that 
the light shock evokes a greater response immediately following antecedent 
darkness Thus paradoxically as it might appear, daikness is as essential to 
heliotheiapj as light Continuous exposure to sunlight m summer would not 
produce beneficial results as speedily as alternations of light and shade, heat and 
cold, humid and dry an ’ Theie is some evidence to suggest that excessive 
exposure to veiy strong sunlight ma}’' tend to have a detrimental and not a 
beneficial efiect on health 

Several workers have reported a correlation between the period of 
maximum sunlight and that of maximum relapses in malaria Lenz (1917) at 
Punchheim and Schaedel (1918) at Mainz think that the period of maximum 
sunlight IS that of maximum relapse and that it acts by stimulating the gameto- 
cytes to parthenogenesis Kisskalt (1917) in Piussia reports that the maximum 
lelapse rate in chronic benign tertian malaria was from April to July and he 
attributes the spring relapses to the effects of sunlight* Von Heinrich (1917) 
at Sarajevo noted tliat in winter the intervals between relapses were long and 
that these were slight in character, whereas then frequency and severity 
increased m the spring * These differences he thinks were due to the action' 
of sunlight and he states that he succeeded in producing relapses m some bemgn 
teitiau infections by exposing his patients to direct sunlight for an hour Reitler 
(1919) at Vienna found that the number of positive blood findings rose from 
a minimum among benign teitian cases in February to a maximum in May 
Tins he considers due to the provocative influence of higher external temperature 
and stronger light acting on the parasites Martini (1921), from a study of 
relapses in klacedoma, came to the conclusion that relapses m bemgn tertian 
malaria neie provoked by sunlight, which acted on both the human host and 
the parasite, and therefore relapses were commoner m light-skmned than dark- 
skinned persons Hewetson (1922) attributes an unusual outbreak of black- 
water fcaer to an exceptionally dry and sunny summer m Rhodesia He tlunks 
sunlight may have an intimate relationship with the health of the red blood 
tells Khgler and Weitzman (1926) found that exposure to sunlight produced 
a loncied resistance to tijpanosome mfections in animals, and suggest that this 
might aho be a factor m malarial relapses 


♦ Domo (192-1) >,utcs tlut the abundance of strongly penetrating ultra-red 
m the spnng sun funushes an explanation for the frequenUy observed fatigue 
to the sun’s rajs m the spring 


rays found 
on exposure 
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Kiin’'lofi (1928) bclic%c-^ tlmt the rehip-^os :\ie not due to direct sunliglit 
but latlici to (be intoiiMtN ot (lie lij^ht uiiicli nioddioi tcrtain properties m the 
blood Scllaidt> (1918) lound that illicit •-iiiilit'ht did not aflect the malarial 
paiasitc in dclibiinated blood m vdio i)i Pait (1923) loportb tlmt solar radia 
tion had little \alue a^ a pio\o(ali\e ot inalaiial lelap-it-^ and Manwell (1929) 
wab unable to taubo lelapie in bud maiaii'i b> e\pobUie to bunliglit Thetiork 
of Bojd (1929) on the efiect oi light on the p-ua-'ite i\cle in bud malaria h 
inteiCbting Tliib Moikoi luib lound that the segmentation tune could be changed 
oy keeping infected biidb in the tlaik dm mg the da> and in light during the 
night 

If the Kabaiili figuies gi\en in the Chut aic btudied it is seen that cure 
late lell steadih fiom Maich to leaih a minimum m Ma\ Duiing these three 
months the sunlight is vei} blight and inei eased in intciibitj, while the cloudy 
, days aie tei> few This would suppoit the \iew that bUnhght is a provocatne 
of lelapso in malaiia Against such a \iew is the i.iit that dming Julv end 
August, the cloudiest months of the yeai, when thtie wab little direct sunlight, 
the lelapsc late icmaincd \ei\ high, while dming Octobei and November tie 
biightest months of the yeai the late w m almobt at itb mmiiuuiu These facs 
fue contiaiy to the hypothcbib that the iclapbc late m diiectly proportional to 


the amount of the sunlight 

The diveisity of the lesultb lecouled above may pobsibly be due to the 
diffeient effects of diffoient mteubitieb of bunliglit In tcmpeiatuie climates the 
ciuve of sunlight appaicntly follows the cuive of tcmpeiatuie closely, but tins 
may not be the case in the tiopicb In Kasauh dining the months from Apn 
to Septembei the sunlight, when ]>iesent, is intense and may e\eit a provoca 
tive action duimg Apiil, Alay and oaily June befoie the onset of the monsoon 
Dm mg the monsoon period, fiom the middle of June to the middle of 
howevei, the sunlight is continually cut oft by heavy clouds It is possible 
the relatively high tempeiatuie and high humidity dining these months may 
prevent a recuperation of the body fiom the depiessmg effects of the si 
sunlight experienced duimg the pieceding months If the idea of Gamain 
(1930) is coirect, that alternation of conditions is moie beneficial, this 
accountj foi the highei cuie late dm mg the six coldei months of the yeai, 
Octobei to April During these months the degiee of cloudiness is ony 
that seen duimg the warmer months, the sunlight is less intense, theie aie gi ^ 
differences between the maximum and minimum tempeiatuies, and 
longer peiiod of daikness alternating daily with light Dining the montis r 
April to September the sunlight, when piesent, may be intense, while 
the monsoon period when the amount of diiect sunlight is small the depies 
combination of relatively high tcmpeiatuie and high humidity is presen 
Sunlight is made up of so many diffeient spectial lays, which 
markedly m intensity undei diffeient conditions, that it is possible that 
diverse results obtained may be due to vaiiations m the amounts of 
these rays at diffeient times of' the yeai Some obseivers, while believing 
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sunlight has an effect m the causation of i elapses, go even further and suggest 
that this action may be due to certain of the constituent rays, chiefly the 
ultra-violet 

Finsen has shown that ultra-violet energy is absorbed directly into the 
blood Colebrook, Eidinow and Hill (1924) found that exposure to these rays 
caused an increase in the activity of the leucocytes, while Irala (1920) records 
that ovei -exposure may eventually damage these cells and arrest phagocytosis 
De Groer (1922) repoits that these rays cause first a leucopenia and then a 
leucocytosis He considers that their action is in the nature of a protein shock 
Levy (1916, 1919) and Gassul (1919) found that m mice and rats it was 
possible by means of these lays to cause marked enlargement, hypersmia and 
hsemorrhagic changes in the spleen and other oigans, such as the liver, lungs, 
and kidney® Such effects might have a considerable action on malarial infec- 
tions 

The effects of these rays have been tiied by several workers on malarial 
patients May (1918), Moieau (1918), Remhaid (1919) and Sassen (1919) 
repoit successful results with these rays as a provocative of relapse in malaria 
Whitmore (1922) has reviewed the literature on the subject of ultra-violet rays 
and sunlight in relation to relapse in malaria He found that m bird malaria 
exposure to these rays caused relapses and also inci eased the number of para- 
sites in the peripheral blood Several workers have attributed the spring 
relapses in malaria to the influence of these rays 

The absence of any precise data on the intensity of these rays in the 
different observation® makes it impossible to evaluate the role of this factor 
in relation to relapse and cure rate in malaria, but there seems some evidence 
that it may have a distinct influence 

The statement of Dorno (1924) that the sun’s rays have a higher ultra- 
red radiation in spring and a higher ultra-violet in the autumn suggests that the 
action of the former rays requires investigation, more especially as these rays 
are said to have a fatigueing effect 

Another factor in the action of light which has been suggested by some 
viorkeis is that it increases the effect of quinine medication It is known that 
fluoresein qi eosin m the presence of light will dissolve red blood cells in vitro 
but theie is no such action when the experiment is cairied out m the dark 
Fluotescm itself has not been found to have any curative action m malaria 
but It has been suggested that the action of quinine might be dependent in part 
upon its fluorescent properties 

Sellards U918) found m vitro that quinine had no haemolysing action of 
the red cell® in the presence of sunlight An Editorial m the Journal of 
Laboratory and Clinical Medicine (1927) states that Bass observed that 
malarial parasites mil gron m the presence of quinine in the dark and not in 
the light It was, therefore, suggested that light may be a factor in the para 
siticidal action of quinine Rusznjak (1920) reports that the photodynamic 
action of a mixture of qumme and eosm m vitro was greater m proportion than 
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that picxlucod 1)\ citliia "t pui ati 1\ 'fliL't fiiuiiiii;-' ■'iix^e''tccl to him that better 
lObults in malaii'il tiLMlnuiit iiii^lii la ohtaiiud In a ( ninbination of these to 
duitt" III' it'ioids til It till' u'-'iilt'. (»t t\pt 1 iiiuntal tioatinent bupported hb 
Inpothcbi-' A Dital 1 192()) d-o tliiiilv" that a loiiibination ot these two sub 
stances \\a^ lieneficrd in iliionu nnlan il la-ib \ lale 11920) states that tbe 
action of fpiinine in H'bellioii-^ ia>ib of inalaii'i wa^ enhanced b} exposing tbe 
nude bodx to the ^un toi >e\ei il houi-' ittei eaih do'C ol the drug 

In Ka'^auli the patient', wlio bni-'licd ticatinent dining ^laj, June and 
July weic undei iiuinine tieitinent dining 'omc oi the biightest months of 
the }cai, xet the luie rite w r at i nnninuiin in the-c ciibCb These months 
aie also tlune in which the patientx ueit in then thinnCbt clothes and were, 
theiefoie, most likeK to iccene the niaxnniiin cncct-> of biinlight, as compared 
with the coldci w’lntei month- The-e ic-iilt-s do not buppoit the hypotliei’ 
that sunlight pci sc aids the action ot (luinino tluough an inciease m its para 


siticidal powei 

While dealing with light it m inteiesting to lecord that vaiious workers 
have tiled A'-iajs as a mean- ol lacihtaimg cine m mahiia and also as a 
piovocative of lelapsOb The geneial con&cnsUb ot opinion seems to be that, 
whle small closes max be beneficial, huge ones aie haimtul (Pais, 1919, 1919a, 
1923, Coidiei, 1920, Cignohm, 1923, Pig i, 1921, Heymann, 1925) Padilb 
(1926) considois those laxs to be one ot the best prococative agents, w le 
Pais (1919) thinks such lacliation mti eases the efficacx of quinine The latter 
author (Pais, 1919) thinks these lays act by stimulating the natural defences 


ot the body and not by any action on the paiasites 


Conclusions ^ 

As the lesult of oui investigations the tentative conclusions arrived a 
were that — ^ 

(а) There appeals to be a seasonal incidence in the lelapses of enio 

tertian malaria, at leaot, and the lesults ot othei workers suggest that this 
also occur in the othei foims of malaiia .i, 

(б) The exact nature of the factoi lesponsible foi these xmiiations m 
mechanism of cuie and i elapse is still doubtful 

(c) Theie is consideiable evidence to suggest that the i elapse rates m 
be coil elated to atmospheiic tempeiatuie 

(d) It does not seem piobable that lelative humidity pe? se 
relapse rate, but it is possible that a high lelatixm humidity may’’ haxm an 


when combined with high atmospheiic tempeiatuie 

(e) No evidence was found that the vaiiations of baiometiic 
wh ch pa+ients aie oidinaiily subjected, have a maikecl influence on le 
It is suggested that any apparent con elation may be due to changes m 
other meteorological factoi s, which may accompany piessuie vaiiations 

(/) The Kasauh results do not suppoit the hypothesis that lelapse iae^^= 
propoitionate to the amount of dnect sunlight It seems possible, howe 
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that the veiy intense sunlight duiing waimer months may have a deleterious 
action a® compaied with the sunlight of the winter months 

(g) Fiudihei investigation is lequired to determine the relative effects, if 
any, of the different solar rays on the mechanism of cuie and relapse 

(/i) The evidence supports the view that the meteorological conditions 
present in Kasauh during the colder months of the yeai may have a favouiable 
effect on the mechanism of cuie 

{g) The results emphasize the necessity foi contiol tieatments earned out 
at the same time as tests aie made of the value of any medicinal measures 
(Sinton, 1926) 

{h) In oui present state of knowledge season cannot be neglected as a 
factor which probably influences the mechanism of cure and relapse 
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Although many woikeis have made lelative estimations of the parasite 
prevalence m the penpheial blood m diffeient stages of malarial mfections, 
yet few investigators have made precise counts These relative estimations 
have been based mainly upon such determinations as the average number of 
parasites per micioscopical field or m relation to the number of blood cells 
buch methods, while giving a rough approximation to the relative numbers, 
are necessarily subject to a considerable degree of error The necessity for 
more precise methods of investigation of the malarial feveis has been apparent 
for some time and with this object in view more exact parasite counts have 
been made in a number of chiomc benign tertian mfections 

A large number of patients suffer ing from clironic infections with P vivax 
aie sent annually to the Malaria Treatment Centre at ICasauh for special 
treatment, and it was from this population that our cases were drawn These 
patients aie young adult British soldieis, whose histones are that they had 
1 elapsed on many occasions aftei the teimination of various courses of qumine 
treatment The blood of these patients is examined by the thick-film method 
on arrival at Kasauli and weekly thereafter until a parasitic relapse is detected 
Dm mg this diagnostic period no malarial treatment is given In these weekly 
examinations it is not uncommon to detect parasites before any pyrexial 
sxmptoms have appeared, so it was possible to make estimations in the 
pie-pjiexial peiiod of relapse Unfortunately, as these patients are soldiers, 
tieatnient had to be commenced at a veij early date, so it was not possible 
to follow the cases over long periods without the disturbing effects of 
medication 

Technique 

In the past xanous methods haxe been used m attempts to ascertain the 
exact numerical prevalence ox malarial parasites m the peripheral blood at 
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difteicnt ''tagos of the tii^ca^e One oi the cailicst methods was by the lie 
of the Thoma-Zei-'N luemue} tomttei, biit witli tins technique small parasites 
aic \ei\ liable to bo o\ciluokc(l Thi^ wa-s •'oon icplaeed bj a method which 
has had a inoie e\ttn-'i\e u-e In thn the eompaiative lehitionship between 
the numbei ol j)ua''itt'' and iht nninbei ot blood cells, either red or white, 
was detoinnned and Horn the le-'Ult'. ot a blood (oiint, the absolute number 
of paia-'itc'' pel t nun laUulatcd Thi'' method i-', howe\ei, cumbersome and 
the maigin of eiiui is laiue 'riiumson 1 1911) piibhahed a more accurate 
method in winch the niiinheis oi paiasut-. weie lounted in a measured quantity 
of blood and the s-une piinciple wa^ n-cd in a teclmiciue for fieldwork 
intiodiiced by Cbi latoplieis (1921) This sj^ttni is nioie accuiate thaa an) 
of the otliei methods jncMoiish dcstiibed but, unfoitunately , lequires leq 
considciable teclinual shill <m(l pieiiaiation loi its U'C Since the ‘ fowl-cell 
method was de\ iscd by biiuon (1921), it has been e\ten&neK used in India 
and the oldci methods ha\e been discaidcd This method has been found 
eminently piactieal and leliable loi both field and clinical woik and is that 
used m the iiucstigations ucoided below' 

The mimbei of paiasitca pci c mm of pciiplieial blood was determined 
m over 50 cases of chionic infection with P vivax In making the counts t e 
parasites wcie enumciated m, at least, l/20th ol a cubic millimetre of bloo , 
and in the majoiity of cases twice this amount w’as examined It w'as usua y 
only possible to do one count befoic ticatment was commenced, so 
continuous iccoich of fluctuations of the mimbeis of paiasites in mdivi u 
patients at diffeient ‘^tago'^ of the disease, aie a\ailable 


Results of the investig vtion 

As oui loutme diagnostic examinations of the blood weie made 
a numbei of paiasitic i elapses w'cie detected befoie the occurrence o 
febiile manifestations Twenty-six infections weie studied at this stage, ^ 
which all except tw'o showed counts betw'een 336 and 3,000 paiasites per cio 
The exceptions had counts of 3,960 and 6,160 and these patients may pO' 


ssibly 

made 

febrile 


have had undetected febiile symptoms before the emimeiations weie 
The average count in these pie-pyiexiai cases was 1,680 pei emm 

Eleven patients weie examined in the apyiexial mteival following a 
jpaioxysm and the counts in eight of these lay between 3,000 and 5, 
emm One low count (1,960) followed a pyiexia of only 99°F , wine 
othei two were 8,000 and 9,240 lespectively 

Seventeen counts weie made on patients wuth pyiexia at the tune 
blood was taken The majoiity of these weie in the defeivescent stage o 
paroxysm, so sufficient time had elapsed in the majonty of instances 
segmentation to have taken place moie oi less completely All the coun s 
between 4,880 and 21,120 per c mm with an average of 10,160 pei c mm 
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These results have been shown graphically in the following Chart, from 
which it can be seen that the counts fall almost exactly into 3 mam groups — 

Chari 
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(a) Counts o) 3,000 per c mm oi Ics-^ — Thn gioup contains 25 count', 
all niiulc on patients who ''howod no p\ie\n at the time Of the 26 patient 
in whom blood paiasitc-^ wcio detected before pjiexial symptoms were 
lecogniiiied, 21 are included in thm gioup Foi thm leason the group has been 
called the ‘ pic-pyie\ial ’ 

(b) Counts between 3,000 anrl .5,000 pti e mm — Theie are 10 counts in 
this gioup and these wcie .ill made on paticnt-s of whom only one showed 
jiviexia (count 1,880 pci c mm ) TIih gioui) intludcs 8 out of the eleien 
counts done in the ap\io\iil intenal tollowmg the first recorded febrile 
l)alo\^‘'m of the lelapsc 'rhi> gioup ha-s been called the ‘ intei-pyre\ial’ 

(c) Counts of 5,000 and ovci — Thm gioup ol 19 cases includes all the 
17 counts made dining pMOXia except one ot 1,880 This group is called the 
‘ pMexial ' 

This method of giouping sccni'' i \ci\ suitable one foi use in future work 


DiSCCsSION or llLaULTa 

Various estimations as to the numbei of paiasitca needed to produce fever 
in malaiia have been made, thus Sim& (1902) thought that 400 parasites per 
emm would cause fevei, and Ross (1911) catimated that at least 50 parasites 
pel emm weic needed to inoduce pyicxia Rosa and Thomson (1910) came 
out a senes of exact enuineiations ot paiasites m the ponpheial blood of eigi 
patients suffeiing fiom infections with P vwai They lepoit that wuth this 
species as many as 1,500, 852 and 510 paia&ites pei c mm might be foua 
without fevei and as few as 150 and 50 pci emm in cases wuth very sig 
fevei They concluded 'that about 200 to 500 may peihaps be taken as te 
usual limit’ lequiiecl to jnoduce fevei XJnfoitunatclv many of the coun. 
weie made when the patients wmie undei the influence of quinine 

Seveial woikeis have investigated the lelatue paiasite pievalence m 
infections with P vivax aitificiallv induced foi theiapeutic pm poses Korteweg 
(1924) found that the ‘initial fevei’ might commence when the number o 
paiasites was as low as 1 to 20 pei c inm , but in cases who had 
suffered fiom malaiia, the figuie moie closely appioxiinated that foun 
Ross and Thomson (1910) In the later and leal malaiial uses of fever re 
estimated the parasites to vaiy fiom 7 to 4,500 per emm dm mg high 
Many obseiveis have found that the febiile symptoms, in artificially 
malaiia due to P vivax, may commence even before paiasites can 


be detected 


that tb® 
lasites by 


m the penpheial blood Thus Giant and Silveiston (1929) state 
commencement of the fevei geneially pieceded the appeaiance of paiasites 
one to foui days It often coincided with this while occasionally it foiesta 
every sign of fevei by two to foui days 

These figuies would indicate that, in fiesh infections with P vivax, 
number of paiasites in the penpheial blood may be veiy few oi even 
able dming the primaiy febrile attack in some instances, while m persons W 
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had previously suffered from this infection a greater number is lequued to 
cause fever 

The pyrogenic thieshold 

Jvlost of the estimations of the pyrogenic limit have been based upon 
counts of the number of parasites present m the peripheral blood at the time 
of pyrexia, that is after schizogony has commenced These counts must, 
therefore, be based largely on the numbers of post-segmentation forms which 
appear in the peripheral blood at that time It is known that the pyrexia 
depends on the bursting of the matme schizonts The number of these would, 
therefore, be a truer guide to the fever threshold than the number of young 
forms derived from them which appear m the peripheral blood The latter are 
liable to be destroyed by many agencies soon after liberation and, as will be 
noted later, this destruction is probably as high as 60 per cent in some instances 
It IS, however, difficult to judge the exact moment of schizogony and, even 
when this is known, it seems piobable that blood cells infested with matme 
parasites are more liable to accumulate in the internal organs than cells with 
young forms As Manson very aptly said ‘ the forms seen in the peripheral 
blood are but a part of the great drama that is being enacted in the spleen 
and other internal organs’ In practice, however, the period of pyiexia seems 
to be the most suitable time foi counts to determine the pyrogenic limit, more 
especially if these can be coii elated to counts made in the preceding apyrexial 
interval 

Counts made during the first paroxysm of fever in a patient, receiving no 
treatment and who had previously been free from pyrexia, give us an estimate 
of the number of parasites correlated to the onset of pyrexia Parasite counts 
made durmg attacks of fever on the following days only indicate that a certain 
number of parasites may cause fevei, but do not show' the pyrogenic threshold 
m the individual under observation In the same way the paiasite counts in 
these succeeding paroxysms may be influenced by the presence oi absence of 
any acquired immunity, more especially m chronic infections Thus the results 
of Ross and Thomson (1910) and of Bohm (1918) suggest that m some cases 
there may be a decline in parasite prevalence in succeeding paroxysms It 
IS also well known that if patients suffering horn chrome infections w'lth 
P vivax are merely put to bed without any specific treatment, the parasites 
tend to disappear from the peripheral blood A similar decline has been 
observed m the case of bird malaria at the later stages of infection Counts 
made m attacks of ^e^e^ occurring duiing quinine or similai medication afford 
no true index of the numbers of parasites lequired to produce fever Experi- 
mental evidence goes to show that the action of quinine is most maiked in 
the case of young forms of paiasite It is, therefore, probable that w'hile the 
numbei of segmenting forms is sufficient to cause fever, yet the drug may have 
destiojcd so many merozoites that the number tound in the peripheral blood, 
at a later date, is no index of the original prcialcnce of the matme parent 
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schizonts Foi this reason the lesults of Ross and Thomson (1910), which 
are based on counts earned out both befoio quinine ticatnicnt had been started 
and while it was being given, aic not stiictly compaiable with our results, 
which w'eie obtained befoie the commenceiiieiit of tieatment 

If the protocols of Ross and Thomson’s o\peiiinents aic examined it is 
possible to collect fiom them 27 counts in which the influence of tieatment 
can be neglected Of 11 counts made dunng ap\ic\ia only one is higher than 
228 pel emm, wdiile in the p>ic\ial cases the lowest counts weie 284, 308 and 
370 pel emm The data given about these casc'^ suggests that they were not 
chionic infections, so that bctw’ccn 200 and 500 ma\ peihaps be taken as the 
usual pyiogenic limit m such cases 

In oui patients {vide Chait) theie seems to be a \eii definite pyiexial 
tlireshold at 5,000 paiasites pei emm This lepicscnts the suivivois of the 
act of schizogony and not the mmibei of the paient sehizont^ which W'ere 
responsible foi the pyiexia 

If the apyiexial gioup is examined it will be ■'Ceii that onl> one of the 
eleven counts of less than 1,000 pei emm has a iccoided pviexia within the 
succeeding 36 houis Of the se\cn counts between 1,000 and 2,000 tliiee 
developed fevei, and of the '•even between 2,000 and 3,000 in foiu febiile 
symptoms w'eie lecoided The count'' in the cases which do\ eloped fevei at 
the next segmentation suggest that the numboi of inatuie schizonts iiecessaiy 
to cause pyiexia lies betw'ecn 1,000 and 3,000 pei emm in chionic infections 
with P vivax, and is piobabh iieaici the foiniei limit than the lattei 

A liighei fevei thieshold has been obseived m oui chionic infections as 
compared with that lecoided bv othei woikeis m fiesh infections This 
supports the view^ that a toleiance to the clinical effects of the infection has 
been developed in the foiniei infections 

In oui chionic benign teitian infection'^ theie seems to be a veiy definite 
pyiogenic thieshold equivalent to about 5,000 young paiasites pei emm in 
the peripheral blood The apjiexial interval between the initial paioxysms 
were character ized by counts betw^een 3,000 and 4,000, wdiile m the pre- 
pyiexial periods the counts weie le«s than 3,000 

The clearly defined chaiactei of these findings suggest several explana- 
tions (a) that P vivax has a vei> definite pyiogenic thieshold or (b) that 
the patients who suffei fiom chionic infections have a very similai degiee of 
susceptibility to the ‘toxin’ of P vivax, oi (c) that previous tieatment had 
eliminated all strains of parasite of diffeient viiulence, oi (d) that continued 
courses of treatment oi prolonged sojouin in the human host had reduced the 
parasite to a condition of ‘ fixed virus’ 

The work of other investigatois on fresh infections indicates that the 
number of parasites necessary to produce fever may x^aiy very markedly 
This may be due either to differences in the virulence of the strain of parasite 
or in the susceptibility of the human host Rudolf (1924), Pijpei and Russell 
(1925), Bunker and Kiiby (1925), and Lilly (1925) have all recorded marked 
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differences in the clinical effects of different strains of P vivax used by them 
m therapeutic malaria These findings "would negative the view that normally 
theie IS a constant pyrogenic threshold for all strains of this parasite 

James (1926) and othei "w^orkeis have produced evidence to sho"W that 
different individuals vaiy markedly in their degree of susceptibility to the 
clinical effects of malarial infection and also in their lesistance to permanent 
cure A ^ery feasible explanation of oui lesults would, therefore, be that 
continued courses of treatment had eliminated all the more resistant and 
normally susceptible mdividuals and left a population of persons with almost 
a unifoim resistance It is also possible that the previous quinine tieatment 
had in time eliminated stiains of parasite of vaiying degiee of toxicity and 
left onlj a special lesistant strain The hypothesis of a ‘fixed Mrus’ would 
also explain the lesults In oui present state of knowledge of the ^nriilence of 
the strains of parasite and of the individual immunity of the host, it is 
impossible to decide which of these news is the most probable It, howevei, 
suggests that much light would be shed on the mechanism of malarial infection 
and cme bj leseaiches along these lines 
The ) elationshi]) betueen the number of -parasites and the degtee of fevei 

Ross and Thomson (1910) found a lelationship between the number of 
paiasites and the degree of pnexia in malaiial patients, while Rudolf and 
Ramsay (1927) record a similai lelationship in 5 out of 10 cases of artificially- 
induced infection'; wuth P vivax On the other hand Bohm (1918) in natural 
malaria and Pijpei and Russell (1925) in therapeutic malaria could trace no 
such relationship 

Ross and Thomson (1910) pomt out that ‘ it is probable also though b} 
no means certam, that the resistance to the toxins of the Plasmodia varies, 
not only in different persons but in the same person at different stages in the 
course of his infection and under different physiological conditions ' The 
lecent extensue woik wutli artificially-produced malaria amply confirms this 
hypothesis Under such conditions one would not expect the same number of 
parasites to cause the same degiee of pyrexia in all individuals, but that there 
might be a distinct correlation betw'een these in the same individual under the 
same conditions 

Unfortunateh two- oi four-houilv records were not kept of temperature 
so the maximum degree of pyrexia is not ai^ailable in our cases The highest 
temperatures recorded seemed to occur chiefly with the high parasite counts 

Relationship of paiasites to fever 

Ross and Thomson (1910) ha\e compared the numbers of parasites counted 
on days with fever with those counted on days without fever A 
febrile dav was taken as anv one on which the patient’s temperature exceeds 
98 6‘’F , or am one which comes between two tertian parox-j sms They found 
that the aterage parasite counts on febrile daxs to be 4,535 and on afebrile 
dax. 125 Lnfoitunateh the indmdual counts had in manv instance, been 



878 


Pievalence of Pcuasites in Tettian Mdlana Fevo 


influenced by quinine To obviate this fallacy, we have taken from then 
protocols such counts as would appeal to have been done at times when 
treatment had no influence Of 16 pyrexial counts vaiying from 284 to 28,700 
pel emm the aveiage was 5,580, while of 11 afebiile counts varying from 
28 to 852 per emm the aveiage w'as 184 Using this method of division into 
febrile and afebrile groups oui lesults show' 25 afebiile counts varying from 
336 to 3,000 wuth an aveiage of 1,420, and 29 febiile counts varying from 
3,235 to 21,120 with an aveiage of 8,012 pei count 

Rudolf and Ramsay (1927) also found that ' as the tempeiature became 
gieatei the paiasites inci eased, and deci eased as the uses of temperature 
became smallei ’ These results and the figuics on the Chart show' that there 
IS a distinct relationship between the nunibei of paiasites and the occurrence 
of fevei The higher aveiage level of paiasites on the febiile da>s in oui 
patients as compaied w’lth those of Ross and Thomson (1910) suppoits the 
view that patients with chionic infections have developed a gieatei tolerance 
to the clinical effects of parasite infestation than tho&e sufteiing from fresh 
infections 


Inaease in the numhei of paiasites dunng a paioxysm 

P vivax IS usually believed to pioduce fiom 15 to 20 merozoites at each 
schizogony, so theoretically the paiasite count should be 15 to 20 times as 
gieat aftei a paroxysm than befoie one It is, how'evei, w'ell known that 
the late of inciease of malaiial paiasites in the peiipheial blood usually falls 
far short of that which would be expected if each meiozoite produced at 
schizogony survived 

Taliaferro (1925) found in biid iiialaiia that about 66 pei cent of the 
estimated number of merozoites produced at segmentation did not reach 
maturity The evidence produced by this worker indicates that in bud malaria 
the number of parasites in a fiesli infection goes on increasing until a maximum 
IS reached (or death occurs), aftei ivliich there is a moie oi less rapid fall 
In the early stages of fresh infections, it would seem that the natural immunity 
of the animal is capable of destroying numbers of parasites, but the late of 
increase is greater than the rate of destruction, and theiefoie the parasite 
count rises When, how'evei, an acquned immunity has developed the rate of 
destruction exceeds the rate of production and the parasite count drops 

Bohm (1918) records a case of benign tertian malaria in which the 
parasites weie 87,500 per emm during fever, 11,000 during the afebrile period 
and 41,100 during the next attack, i e , an inciease of 3 7 times Pijper and 
Russell (1925), in artificially-induced malaria due to P vivax, found that in 
seven cases the increase varied fiom 3 to 14 times Rudolf and Ramsay (1927) 
record that in therapeutic malaria ‘tlieie is a veiy high percentage of 
instances where the young forms are not even ten times as numerous as the 
forms from which they originate ' 
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The results of counts made before and during the paroxysms are available 
in three of our cases and were as follows — 


Pre-pyrexial 

Pyrexial 

Increase 

period 

period 


2,680 

11,900 

X 44 

4,000 

15,340 

X 38 

4,320 

8,628 

X 20 


The numbei of patients examined is too few to draw any definite conclu- 
sions but the results suggest that in patients suffering from chrome benign 
tertian infections the power of destruction of parasites at the time of schizogony 
IS greater than in fresh infections One would expect this, as it seems almost 
certain that such chronic infections must have developed some degree of 
acquired immunity greater than that present in fresh infections, even although 
this was not sufficient to produce a permanent cure 

The fact that in our results the counts made in the inter-pyiexial intervals 
are mostly lower than those made at the time of pyrexia also suggests that a 
considerable destruction of parasites is taking place at the latter time 
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In previous papers (Sen, Roy and Mitia, 1929o) it has been shown that 
the effect of acid and alkali in hiemolysis is dependent largely on the concen- 
tration of and H' ions and that alkali has a peculiar action of retarding 
01 accelerating the hiemolytic behaviour of ceitam chemical hEemolytes accord- 
ing as it IS added together with or after the chemical hsmolyte It has also 
been stated by us in a note in Natwe (Sen, Roy and Mitra, 1929b) that the 
behaviour of serum is almost analogous to the behaviour of alkali and it has 
been suggested that the peculiai action of the serum may be due, at least to 
some extent, to the alkali content of the serum In order to thiow more light 
on this retaidation and acceleiation phenomenon in piesence of alkali, some 
furthei work was started with very low concentrations of ammonia, amines 
and allied substances It was, however, soon found that detailed work 
with these substances would be desiiable from seveial points of view, and the 
present papei gives some results of this investigation 

Hemolysis by yyhnes 

Onlj stray refeiences aie obtainable m the literature about the liEemolytic 
iction of amines, and most of them are not relevant to this investigation 
Hermann Fulmer and Earnest Neubauer (1907) experimented on the hamolytic 
behavioui of some amines in homologous series and a parallelism was found 
between then haimolytic action and then- physico-chemical properties, they 
also found that the action depends on the concentration of OH' and H° ions 
in the solutions used With regard to the effect of OH' ions, Oscar Gross 
(1910) observed the haemolysis of low concentrations of red blood corpuscles 

( 881 ) 
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by ammonia, sodium liydioxidc, and sodium caibonatc and found that the 
lelationship between the concentiation of the ammonia and the carbonate, and 
the time necessaiy foi complete luemoly',!'? can be lejnesented by the equation 
C™ T = K, whcic C = concentiation, T = time of hicmolysis, K = constant 
and the value ot m vanes between 0 65 and 9 71 The ammonia oi carbonate 
appealed to be adsoibed by the coipuscles, and the amount adsoibed regulated 
the late of hamiol}sis It was also obseivcd that this lelationship only holds 
so long as the amount of ammonia piesent is laige compaied with that used 
up m haimolysis oi by-ieactions When small quantities of ammonia are 
employed, so that the time necessaiy loi complete hamiolysis is laige, nearly 
all the ammonia is adsoibed, and the late of hamiolysis is piopoitional to the 
amount of ammonia and inveiselv piopoitional to the concentration of the 
blood coipuscles In the case of sodium hydioxide it was found that the 
leaction equation is C' '' T = K Some moie data summarized by Hobei 
will be given latei on 

A question of consideiable iinpoitancc to the study of the kinetics of 
haemolysis has lecently been raised by Cluistopheis (1929a) Hitherto it has 
been thought that the time-dilution ciiivcs of hamiohsis give a tiue lepie- 
sentation of the action taking place in a inixtuie of coipuscles and hiemolyte, 
but according to Cluistopheis, the obseivmd hiemolysis is the result of processes 
taking place within the cell and having nothing to do with the reaction m the 
mixture, and as such the time-dilution cunm has not much significance The 
present writers, however, feel that a different inter pi etation can be giv^en to 
the results obtained by Chiistoplieis and this will be attempted m a future 
paper It should be pointed out here that the lesults presented m this paper 
were obtained before the publication of Christophers’ paper, and the plan of 
presenting the data has been kept almost similar to that of our earlier paper 

Experimental conditions 

The piesent work deals with the hmmolytic behaviour of methy famine, 
ethylamme, diethylamme, piperidine, ammonia and caustic potash, all either 
alone, or sometimes in presence of normal serum Experiments havm also been 
made on the effects of ammonia, ethylamme and piperidine of equal concentia- 
tions in the haemolysis by oleate and tauiocholate, the ammonia and amines 
having been added both together with and after the addition of the haemolyte 
to the corpuscles Solutions of different haemolytic substances were prepared 
m normal saline The amines weie obtained horn Merck, and the solutions 
were standardized against hydrochloric acid In each case one c c of corpuscles 
of known concentiation was used, the total volume of the leaction mixture 
being 5 c c In Tables I to VI, the time-dilution results with different 
hmmolytes and different concentrations of the corpuscles are given The 
corpuscle concentrations are shown according to Chiistophers’ method Thus 
10 grammes per litre means that 1 0 c c of 5 pei cent suspension has been used 
in a total volume of 5 c c 
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„ ^ ^ Time m minutes of complete haemolysis of corpuscles of concentration 

Concentration , of the mixture 

of methyl- 


moles^itre 

10 

5-0 

2-0 

10 

aoos 



6525 


0-006 



31 45 

27 31 

0*009 

54 53 

3036 

2100 

19-95 

0-012 

37 93 

2403 

1616 

1?03 

0-015 

2r20 

1620 

11-68 

10-86 

0-018 

1 

20^26 

11 96 

10-00 

9-28 

0-021 1 

16-33 

9-88 

' 7-71 

7-28 

0-24 

12 90 

8-6 


% 

0-027 

1020 

7 03 



0-030 

8-03 

ff25 



0-033 

6-13 

543 



0-036 

510 

465 




Tablb II 

Hannolyte — E thylaimne 


Concentration 
of ethylamme 
in moles/litre 

Time in mmutes of complete haemolysis of corpuscles of concentration 
per litre of the mixture 

10 

50 

20 

10 


48-25 


57 70 

28-08 

38-53 

21 21 

0-009 

28-03 

19-40 

17-SI 

13-90 

0r012 

15 70 

1375 

1123 

&10 


1141 

8-70 

7-63 

6-05 


8-61 

6-08 

5 75 

440 


583 

450 

4 46 

0-50 

0-024 

433 

3-66 

3-50 


0-027 

3-38 

2-80 

2-73 


Or 030 

2-83 

2-25 

2-16 


or 033 

0-036 

2:41 

2-03 

1 
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T.UJLL III 

Ilcemoli/tc — Diethylamine 

I - - — ______ 


Concentration 
of diethyl- 
amino m 
moles/ll tre 

Time of 

Ii'CinoIx'jis in iinnutc'j 

corpuscle concentration per litre 

10 

30 

2-0 

10 

o-ow 

97 15 




0-008 

38-60 


17 93 

11-66 

croio 

• 

16 66 

12-56 

7-08 

0*012 

21 05 

12-60 

9 66 

5 75 

0-014 


9 50 

7 31 

496 

0 016 

10-10 

7 33 

588 

3-75 

0-018 


596 

136 

2-36 

0-020 

6*05 

410 

3-05 


0-022 


’ 363 

2*36 


0-024 

3-83 

2-83 

190 


0*026 


2-40 



0*028 

2 56 

186 



0 032 

197 




0-036 

130 



- 

0-040 

0 52 



to 




_ _ _ 

uie 


Table IV 

Hozmolyte — Pvpei ichne 


Concentiation 

Time of hcemolj'sib in minutes, 

coipu^cle roncontiation per litre \ 

of pipendine 
m moles/litre 





10 

50 

2*0 

10 






39-75 


96 86 

59-41 

26-21 

1088 



31-53 

14 75 

925 



20-56 

10 20 

5-46 



1170 

5 65 

4 00 


11*85 

9*10 

5 40 

2*90 

0-014 

710 

4 25 

2*88 

190 


3^88 

3*58 

2-40 

130 


3 63 





2 41 

2-16 

125 

• 


178 

V 

1*65 
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Hamolyte — Am7noma 


Concentration of 
ammoma 
moles/litre 

Time of hamoJysis in mmutes 
concenti ation per hti 

, corpuscle 
e 

10 

50 

2-0 

0-2 

27 25 

19 60 

13*93 

0-20 

21 46 

1510 

10-88 

0 30 

lS-46 

12*20 

9*36 

036 

14*80 

10*10 

7*63 

0-40 

12-15 

8-86 

6*15 

ff44 

10f40 

8*00 


0-50 

8-10 

&60 



Table VI 

Hcemolyte — Potassium hydroxide 


Concentration of 
caustic potash 
moles/iitre 

Time of haemolysis m mmutes, corpuscle 
concentration per litre 

1 

' 50 

2*0 

OrOl 

15 26 

! 1196 

9 06 

0-02 

' 

1 6-73 ' 

1 

' 6*48 

1 458 

( 

0 03 

1 475 

423 

1 

2-53 

0r04 

1 

} 3-21 

1 2*81 
\ 

180 

0-05 

. 3 15 

i 

j 188 

126 


The results given in all the tables can be represented approvimatelv bv 
an equation o( the type C" T = K, where C and T are the concentrations and 

XI 
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times of htemolysis, in a vaimblc factoi and K is a constant foi each series 
In Graph 1 the data witli diftcicnt hannolytcs and 10 gs per litre corpuscles 
aie graphically shown It ^\lll be obscivcd that a comparative statement can 

Graph 1 



be made only with difficulty of the effect of the diffeient alkaline substances 
on sheep’s led blood corpuscles Thus the haemolytic efficiency of the differen 
substances are in the oidei KOH pipeiidine> ethylamine> diethylamine > 
methylamine, if the comparison is made at low concentrations of the haemolytes 
where the time of haemolysis is proportionately greater With highei concentia- 
tions of the haemolytes some i ever sal ocems, notably that in the case of 
The results in any case cannot be interpreted solely on the basis of the 
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concentration of OH' ions, though this view is found in the hterature Thus 
Hobei (1924) gives the following interesting table summarizing the known 
haemolytic elBciency of seveial haemolytic agents including some amines m 
relation to their conductivity, which gives a measuie of their dissociation 


Table VII 


Hasmolyte 

Mole per 100 litre 
(bases) , mole per 
100 litre (acids) 

Molecular haemo- 
lytic power 

l ‘ Z 2 

Caustic potash 

0*0075 

133-0 

210-0 

Tetramethylammonium hydroxide 

0-0060 

166r0 

208-0 

Piperidine 

or 0082 

j 122 0 

410 

Dimethylamme 

00130 

76 9 

310 

Methylamme 

0-0160 

62*5 

270 

Ethylamine 

00170 

58-8 

27 0 

Propylamine 

0-0170 

58*8 

23-9 

Trimethylamme 

0-0850 

118 

102 

Piperazme 

0*1980 

50 

9*1 

Ammonia 

Of 2350 

43 

63 

Hydrochloric acid 

or 0500 

20 00 

120r0 

Formic acid 

0 1400 

6*89 

66 

Acetic acid 

0-3700 

270 

2*1 

Propionic acid 

0-6400 

156 

18 

Butyric acid 

0-8100 

123 

18 

Valeric acid 

0-8100 

123 

19 

Caproic acid 

0 6600 

151 

18 


A perusal of this table will show that though there aie well-marked 
exceptions, notable in the case of caustic potash and tetramethylammonium 
hydi oxide, still a highei equivalent conductnuty (indicated by pso) and a higher 
molecular haemolytic pmier are closely associated This is especially true in 
the case of some of the fatty acids Cuiiously enough, the haemolytic efficiency 
of the fatty acids does not run parallel to the effects which these substances 
produce on the suiface tension at an air-water interface It will be remembered 
that Tiaube’s theory of narcosis (Tiaube, 1908) rests on the assumption that 
permeability oi a tissue or cell to narcotics is dependent on the ability of the 
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naicoticb to dcpiesb the intei facial tension between tlie nietliura and the cell, 
but these lesults show’ that hieniohsib is dependent on some condition other 
than the effect on intei facial tension, oi this effect is being oveicome by some 
othei effect of these substances As a inattei of fact, in these paiticulai cases the 
concentiation of H° ions deteiniines the iuomolytic efficiency In oidinary 
adsoiption studies this tjpe of lesults is often obseived Thus we have 
recently obtained veiy siinilai le-'ults in a study of adsorption of these fatty 
acids by ziiconiura by dioxide gel It w'as ob^cived that the stronger the acid 
w'as, the jnoie it w'as adsoibed by ziiconium hydroxide Now ziicomum 
hydroxide is a basic substance and theicfoie with acids as the adsoibable 
solutes, the adsorption is niaihcdly polar in natiiic Consequently the view 
has been put forward (Chakiavaity and Sen, 1930) that in strongly polar 
adsorption, the effect of the capillaiy activity of the adsoibable solutes 
may be oveicome, the chemical atfinity existing between the adsorbent 
and the solute becoming picdominant Fiom this point of view it is believed 
that w'lth fatty acids the adsorption by the cell may be of a chemical nature, 
the protein portion being more effective with a tendency to salt formation 
than the lipoids which show’ very little similar tendency With the amines, 
howevei, such a simple behaviour cannot be expected, because we are dealing 
with two adsorbents at the same time, namely the proteins as well as the 
lipoids, the latter being markedly peptized by the hydioxyl ions, and the 
differences in the effects of the different amines point to the fact that specific 
effects aie coming into play Mention should, how’evei, be made to a lecent 
papei by Bodansky (1928) in which the oidei of the effectiveness of the fatty 
acids in haemolysis is in accordance with suiface tension theory An abstract 
of this papei only has been seen by the wiiteis, and hence no discussion is 
given 

Two points should be noticed m Table VII The so-called moleculai 
haemolytic power means leally nothing unless the particular conditions of the 
experiment aie stated Thus the efficiency of an liaemolyte depends on several 
factois, namely concentration of the coipuscles, the time allowed foi the 
haemolysis to be completed, the age of the corpuscles, the temper atuie of the 
solution, and probably on the total volume of the solution in which the experi- 
ment IS carried out Christophers (1929b) in a recent paper considers that the 
concentration of the corpuscles and the concentration of an haemolytic agent 
(acid or base) are directly proportional, and he states that molecular haemolytic 
power IS a fundamental constant The experiments on which he bases his 
observation were made with high concentrations of the corpuscles and the 
time allowed was also pretty high, namely three hours Apparently with these 
weaker concentrations of the hsemolyte, practically the whole of it was 
adsoibed and the results obtained were thus quite similar to those obtained 
by Oscar Gross, reference to whose work has already been made in an earlier 
page With lower concentrations of coipuscles, however, some deviations 
were observed. He would, we believe, have obtained more deviations if he 
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had deci eased the time of hsemolysis even with higher concentrations of the 
cells Thus we ha^e found the following lesults in this investigation — 


Table VIII 

Hcemolyte — Methylannne 


Concentration of 
cells per htre 
mi^ure 

Concentration of haemolyte at different times 
of haemolj'sis 

15 minutes 

! 

^ 20 minutes 

' 30 minutes 

icro 

0-022 

0-018 

0-014 

50 

0-016 

0013 

0-0093 

2-0 

0-0125 

(y0095 


10 

0-0115 

0-0087 



Table IX 

Hcemolyte — Ethylamine 


Corpuscle 

concentration 

Concentration of heemolyte at times 

15 mmutes 

20 mmutes 

30 mmutes 

10-0 

(70126 

0-0106 

(70086 

50 

0-0112 

(70088 


2-0 

i 

0-0102 

0-0082 

0-0058 

10 

0-0084 

(70064 

0-0042 


Table X 

Hcemolyte — Diethylamine 


Corpuscle 

concentration 

i ^ ^ 

Concentration of hcemolyte at times 

10 minutes 

15 mmutes 

10-0 

(7016 

0-0142 

50 

(70137 

(70105 

2-0 

O-OHo 

1 

(7009 

10 

I (70090 
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T.vBLn XI 

Ilccmolytc — Pipet idine 


Corpuscle 

concentration 

Concentr ition of hiemolyte at times 

15 minutes 

20 minutes 

25 minutes 

10-0 

1 

0 0105 

0-009 

0-0078 

50 

0-009 1 

0*008 

a0068 

20 

0-006 

0-005 

0-004 

10 

00035 1 

i 

00025 

0*002 


T^vble XII 
Hcemolyte — Ammonia 


Corpuscle 

Conconti ition of limmolyte at times 

concentration 

10 mmutes 

15 mmutes 

10*0 

045 

Cr355 

50 

0r365 

026 

2*0 

0*28 

0-185 


Table XIII 


Hcemolyte — Caustic potash 

Corpuscle 

Concentration of hsemolyte at tunes 

concentration 

5 mmutes 

10 mmutes 

10*0 

0*029 

0*015 

50 

0*025 

0*0125 

2*0 

0018 

0*008 


Thes\^ lesults have been obtained by giaphical inteipolation and point to 
the fact that theie is no direct piopoitionahty between the concentiations of 
the cells ai5^d the hsemolyte when the time of haemolysis is shoit Consequently 
we can ha'^e no such thing as moleculai haemolytic powei unless we specify 
ceitain other\conditions For these reasons we believe that the statement of 
Christopheis tjiat the moleculai haemolytic powei is an important uud 
fundamental con')^tant can not be justified 
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Effect of normal serum 

In the pievious paper it was shown that normal seium, if added together 
with the hiemolyte, has an inhibiting action on hsemolysis Some experiments 
have been made on the effect of normal serum on the hiemolytic behaviour of 
the amines, specially to find out if there is any change in the nature of the time- 
dilution cmves, and in the following tables these results are shown in Table 
XIV, the final concentration of the coipuscles was 1 0 g per litre, and serum 
in a dilution of 1 m 10 was used — 


Table XIV 




Concentration of 1 
methyJamine i 

Time of hsemolysis with serum e c 

iXlUiCO pel XlLlC 

0-05 

0-10 

0*15 

ffoog 

29*1 

36-36 

42-26 

0012 

21 33 

24 75 

3035 

0-015 

145 

17 9 

2»85 

0018 

112 

13-76 

1^91 

0-021 

9-3 

107 

12-1 


Table XV contains results with 2 0 gs pei htie corpuscles in piesence of 
seium 


Table XV 


Concentration of 
methylamine 
moles/litre 

Time of haemolysis m minutes m presence of serum 

0-05 

0-10 

0-15 

0r009 

29-63 

1 

j 35 95 

41 55 

0-012 

216 

25 0 

28-0 

0015 

16-6 

lS-33 

i 

21 41 

OOlS 

1195 

1 13-78 

15 93 

0-021 

10-06 

1 1113 

12-7 
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Table XVI contains some iCbults with ethylamine and seiuin The con- 
centiation of coipusclcs is 1 0 g pei litic 

T.SBLU XVI 


Concentration of 
ethylamine moles 
per litre 

Time ol hemobai:^ m piesciice 

of serum cc 

0-05 

0*10 

0*15 

0*012 

12*11 



aois 

6*28 

7 2S 


0 024 

3 36 

3 05 

4*6 

0-030 

1S6 

2*53 

2*78 

0036 

1*33 

156 

176 

0-042 

• 

10 

123 

0*048 

• • 


OrOl 


Table XVII contains data with 2 0 gs pei htie coipuscle Other 
conditions aie the same 

Table XVII 


Concentration of' ^ime of hannolysis m piesence of serum cc 
ethylamine ' 


moles/litre 

1 

1 

0*05 

OriO 

015 

0 012 

15 8 

j 18-13 

22*46 

0-018 

75 

8 86 

10r4 

0*024 

4 03 

4 71 

6*01 

(y030 

2*3 

2 66 

306 

0*036 

141 

1 

17 

1 

1*88 


Table XVIII contains some data with diethylamme and seium The 
concentiation of coipuscles is one giamme pei litie 

In Table XIX, the effect of seinm on diethylamme Inemolysis with two 
gs pel litie coipuscles is shoi/n 
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Concentration of 
diethylamme 
moles/htre 

1 

Time of haamolysis in presence 

of serum cc 

1 

0-05 

! 0-10 

0*15 

0-008 

1633 

19:51 

23:43 

CrOlO 

torts 

13*43 

15*86 

0'012 

7 35 

8:88 

10-86 

croie 

3:9 

485 

603 

0r020 

2*41 

1 1 

2r7 

1 

3-01 


Table XIX 


Concentration of | 
diethylamme 
moles per litre | 

1 

Time of haemolysis in presence 

of serum cc 

0*05 j 

0*10 

0*15 

0008 

26-18 1 

306 

33*93 

0012 ' 

1385 

1593 

1683 

0*016 

6-73 

818 

8r98 

0020 

3*88 

43 

62 

0024 ' 

2-05 

26 

2-65 


Fiom all these tables it will be obseived that noiraal seium, if added 
togethei Bith the hffimoljte, has a marked letaidmg effect on the hwniolytw 
efficienej of tlie amines With the same conceiiti ation of amines, the addition 
of mci easing amounts of seium retaids the piocess more and moie as can be 
easib seen fiom Tables XIV to XIX, which shows a behavioui y’eiy similai 
to that of alkali The natuie of the time-dilution cmves is not, however 

changed, the emves being all of a paiabolic nature Some of them are nlotted 
in Giaplis 2, 3 and 4 


Effect op AMI^ES ox oleate axd taebocholate hemolysis 
It has aheadv been noted in our pievious paper that alkali gives a pecuhai 
time-dilutioii cune when used with a chemical luemolyte such as oleate 
tauiocholate, etc , and that under the conditions of the expeument, the presence 
at small ammmt of ,lkal, acaelcatcd the hmmoljSB b, oleate, etc, ,vben “he 
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lattei was pieseiit in small amounts but letaidcd the haimolysis when the 
lattei was piesent m highei amounts as compaied to pine oleate htemolysis 
It was also found that small amount of alkali acceleiates the haimolysis to a 

Giiapii 2 



great extent when it is added to sensitized coipuscles, depending on the concen- 
tiation of the coipuscles and the time after which the alkali is added and it 
has been suggested by us that the peculiai behavioui of noimal seium is due, 
at least partly, to its alkali content In oidei to veiify this, we have sensitized 
the coipuscles with diffeient chemical hsemolytes and then added very small 
amounts of these amines to see if there is any acceleiation like that of alkali 
and seium Some of these amines being veiy weak alkalis will have very 
small concentrations of OH' ions, and any acceleration by them of haemolysis 
will go to verify oui suggestion 
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The following tables lepresent some lesults of oleate hsemolysis with 
ammonia, etln lamine and piperidine, the latter substances being added 
together with the oleate to the coipuscles The concentration of corpuscles is 
1 0 g pel htie of the mixtme, the oleate concentration bemg 1 m 10,000 



Time of hicmolysis m minutes 
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Tabic XXI lepictcnts the icaiilts uith 0 001 moles of the ammonia and 
amines Other conditions remain the same 


Gb\1'ii 4 



Concentration of dicthylamine, tnoks/\ilre 
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It should be stated that in some of these cases about 95 per cent 
haemolysis took place veiy quickly, but owing to the 'ghost’ formation, 
considerable time elapsed befoie the solution was quite clear 

Table XXII shows lesults of tauiocholate haemolysis with these substances 
The original concentration of sodium taurocholate is 1 in 1,000 and of corpuscles 
1 g pel litre final mixture The total volume is 5 c c 


Tablf XX 


Amount of 
oleate m cc 

Time of liasmo- 
Ijsis of the blank 
e-^penment 

Time op hemolysis with 0’002 mole 

Ammoma 

1 

Ethylamme 

Pipendme 

0*2 

47'2 

1 

102 33 j 

46 3 

2893 

or-i 

143 

118-05 

4Cr5 j 

244 

0-6 

3-75 

117T 

42*7 

( 

22-73 

0-8 

2-1 

100-9 

1 241 

20-46 

1*0 

113 1 

i 

sere 

j 24*5 

1725 

TiBLE XXI 

AiuOiiiit of 

Time of h$mo- 1 

Timf of hemolysis with C7004 mole 


lysis' of the blank 




oleate m c c | 

e\periment 

Ammonia 

Ethjlamine 

Piperidine 

0-2 

472 

69^7 

22 45 

10-46 

0r4 

14-3 

68-6 

17 2 

833 

(re 

3-75 

36-5 

155 

5-6 

ffS 

TIO 

90% H in 60' 

12-3 

5 06 

I'D 

1 13 

85% H m 50' 

j 896 

40 


Table XXII 


Amount of 
taurocholate 
c c 

1 

1 

Time of htemo- 
lysis of the blank 
experiment 

Time of hemolysis with 0r002 mole 

1 Ammoma 

' 1 

Ethj lamine 

i 

Piperidine 

0-2 

10% H m 3 hours 

1 63-3 

1 

40-1 

22-6 

0-5 

194 0 

541 

1 

314 1 

14 0 

10 

1 55-6 

1 55 36 

, 30 66 ' 

12 9 

1 5 

j 389 

, 516 

1 

1 271 

12-46 

2-0 

i 43 

1 488 

j 22-45 i 

11-9 
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It will be ob^eivcd fioin the^c tables that though tlic effect of these 
alkaline substanceb on oleate and tainocholate lueinol3’'"is is mainly inhibitory 
m the concentiation-' ‘'tudied, still con''ideiable dibciepancics aie obseived when 
each senes is consideied sepaiately It will be leineinbeied that in oui pievious 
studies wnth alkali and oleate, similai cuiious lesult'. weie observed The 
present e\peiiments aie not, houevei, exhaustive enough to show definitely if 
w'e aie dealing with some expeiimental ciioi oi =:oine anomalj' 

It ^Mll be lemembeied that in the ca'^e of caustic soda haemolysis and 
haemolysis by seium, an acccleiation was obtained bj’’ adding the seium oi the 
small amount of alkali aftei the addition of the haeinoh te to the corpuscles 
The following table lepiesents a set of results obtained by using a very dilute 
solution of pipeiidine vith tainocholate is the Inemolvte The concentration 
of the corpuscles in the final mixtine is 2 0 gs pci litre and of tainocholate, 
original concentration 0 3 pei cent The diftcicnt amounts of piperidine were 
added half a minute aftci the addition of tainocholate to the corpuscles 

Tvble XXIII 

Time of hcemolysis with 0 3 cc oj taw ocholate is 17 6 nuns 0 3 cc of 
taiuocholate have been used each tunc 


Piperidine moles pei 
litre final mixtuie 

Tune of hemolysis uhen 
the piperidmo was added 
i inimite aftei the 
iddition of tuiiocholate 

0-0 

17 6 

0*00002 

31 16 

0*00004 

65 2 

000006 

150 0 

0 00010 

72 0 

0 00012 

15 0 

0-00014 

8*5 

0 00016 

Immediate H 


Table XXIV shows the effect of addition of ammonia to taurocholate' 
sensitized corpuscles 

Table XXIV 


Concentration of 
ammoma moles 
pel litre 

Time of hsemob^sis 
when the ammonia 
was added 3 minute 
aftei the addition of 

0 3 cc tainocholate 

0*0 

17 6 

0*00004 

56 0 

0 00006 

1 98 0 

0-00008 

123 0 

0 00012 

57 0 

0 00016 

30 
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Thers was no liagniolysis in 2 liours with 0 00012 and 0 00016 moles of 
ammonia alone Table XXV gives the results of using ethylamine instead of 
ammonia 

Table XXV 


Time of hemolysis when 

„ ^ ETHTUMIWE WIS ADDED 

Concentratiou or i 


ethylamuLe moles 
per litre 

Together with 
taurocholate 

} minute after 
t taurocholate 

0*0 

1 

176 

176 

0-00002 

23 0 

246 

OrOOOOO 

1 

1140 

355 

0-00008 

104 0 

20-45 

0*00010 

1 

70 per cent H m, 
1 2 hours 

40 

0-00012 

5 per cent H in 
2 hours 

1 

Immediate 


Fiom a perusal of Tables XXIII to XXV it will be evident that there is 
a marked retardation as well as acceleration of haemolysis depending on whether 
the ammoma, ethylamine, oi piperidme is added before or aftei the addition of 
taurocholate The data with ammonia and pipeiidine are shown m Graphs 5 
and 6 These results are therefore quite similar to those obtained previously 
by adding caustic alkalis or serum It is to be noticed that m the present 
cases, the amount of the alkaline substances added is veiy small Thus taking 
a particular case, say of ammoma, Table XXTV, we can consider that imder 
the particular experimental conditions, the acceleiation was found to take 
place with 0 0004 moles per litre of ammoma Of course if the time interval is 
increased to say 1 or more minutes, then the concentration of ammoma required 
to produce this acceleration would be much less Taking however this particular 
case, we can calculate the amount of OH' ions which have been added Thus 

the degiee of ionization would be given by the equation — _ 5’ 

C, 

where a is the ionized amount, K is the dissociation constant and C is the 
concentration Since the lalue of K foi ammonia (Bredig’s) is 2 3 X 10 
the % alue of a on calculation comes to 0 215 approximate!} Consequently 
the concentration of OH' ions would be 4 x 10''* X 0 215 = 8 6 X lO"-' 
This gives a pH of about 9 5 approximately to the solution This simple 
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calculation will show that it i^ possible to bung about the acccleiation pheno- 
menon b\ changing the icaction of the inechum onlj to a slight extent 
Consequenth the mow put foiwaid befoie that ucceleiation by serum may 
be clue to its alkali content ina\ be to a gicat extent tine, bccaiue pH of 
the seiuin inav be anything neai about 7 3 to 7 5, and some acccleiation is 
ceitainly posNiblc owing to this change of the leaction It must be mentioned 
also that though by adding tlic small cpuintitv ot ammonia the pH of the 

Grvph 5 



solution IS bi ought up to 9 5, this is only the calculated value, as the lesultant 
pH of the mixtuie wall ceitainly come clown to somewheie neai 7 3 owang to^ 
the practically complete adsorption of ammonia by the corpuscles in such a 
dilute solution Hence fiom the experimental point of view, a slight change 
m the pH of the medium is sufficient to cause this acceleration of the haemolysis 
of the sensitized corpuscles These lesults therefore support oui view that e 
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accelerating action of normal seium on the hmmolysis of corpuscles by oleate or 
tamocholate is due to a change in the pH of the medium 

Graph 6 



Summary 

(1) An expel imental study has been made of the hsemolytic effects of 
methylamine, ethylamine, diethylamme, piperidme, ammonia, and caustic 
potash on sheep’s red blood corpuscles 

(2) It IS found that the concentration of the OH' ions m the solutions is 
not the only factoi Mdiich detei mines the haemolytic efficiency of these sub- 
‘:tances It is piobable that specific effects are also bi ought into play 

(3) Normal serum Ins a great inliibiting effect on the hsmolysis by 
amines if it is added before the addition of the haemolydes This inhibitory 
effect increases inth the mciease in the quantity of the serum added, but the 
nature of the time-dilution curves remams similar 

(4) The addition of the amines together with oleate or taurocholate 
inhibits tlie hasmoh-tic efficiency of the latter substances considerably, but if 
they are added to the corpuscles after the oleate and taurocholate have been 

J; MR 22 
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mixed with the corpuscles, then a gicat acccleiation may be obtained undei 
suitable conditions This phenomenon is quite analogous to the acceleration 
phenomenon with noimal serum studied in pievious papeis 

(5) Calculation shows that after the addition of veij dilute alkali to 
coipuscles pieviously sensitued by oleate oi taiiiocholate, a slight inciease m 
pH to the alkaline side is sufficient to cause the acceleiation of htemolysis 
Consequently this supports the Mew, pieviously given by the wiiteis, that the 
accelerating efiect of noimal seiura may bo due, at lea^t m pait, to the alkali 
content of the seium 

In conclusion, we wash to express oiii bc&t thanks to IMi F Ware, pro vs, 
I vs. Director, Imperial Institute of Veteiinaiy Rc^caich, for his kind interest 
in this papei 
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Within lecent years a large amount of experimental evidence has accumu- 
lated tending to show that ‘ stone ’ is a deficiency disease This evidence has 
been deiived from experimentation on lats animals said to be ‘very prone 
to stone ’ Dr Swift- Jolly (1929) has, therefore, advised caution m applying 
to man the results of observations made on rats ‘ It would,’ he says, ‘ be a 
distinct advance if it could be shown that animals normally free from the disease 
develop stone when kept on a deficient diet’ The present paper provides 
evidence not only that deficiently-fed rats are ‘ very prone to stone,’ but that 
well-fed lats are ‘normally fiee fiom the disease' 


Freedom of well-fed rats from stone 

Dm mg the past three yeais complete post-mortem examinations have been 
made in 844 well-fed albino lats Of these 416 were fed on complete, synthetic 
diets, uiinaiy calculus was not present m any of them This experience is 
similar to that of van Leeisum (1927) who has sought in vain for stone in 
hundreds of lats fed on complete, synthetic diets The remaining 428 were fed 
on our stock diet 

Thej were of all ages from 30 days onwards and of bodj-v eights rangmg 
from 10 to 300 giammes They were killed with the dual object of establishmg 

( 903 ) 
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noimal stanclauls ot oigan-\\eight-^ and of dctci mining the incidence of 
calculous disease m oui stock V caieful ‘'Cnich was made in each of these 
animals foi uiinaiy calculus it \\as invaiiably absent 

As a lesiilt, theiefoie, of the post-moitein examination of 844 animals it 
can be stated with assuiance that well-fed albino lats,* living under conditions 
of pel feet sanitation, do not develop uiinaiy calculus in these laboratories 
they aie ‘noiinally fiee fiom the di-'Oa^ie ’ The stock diet consists of whole- 
wheat floui chapattis lightly smeaied with buttei, the haul crust of white 
loaves, spiouted gmm (legume), fie^h, law cairots and cabbage ad libitum, 
diluted wdiole milk, an occasional small lation of law' meat, and fiesh w^atei 
m abundance On this diet uiinaiy calculus does not arise m this climate and 
at this altitude (6,000 feet) 

On the othei hand, calculous disease occurs with gieat fiequency m albino 
rats fed on deficient and ill-balanced diets In the couise of oiii work on this 
subject we have encounteied stone on 205 occasions amongst 884 deficiently- 
fed animals The contiast aftoided by well-fed and deficiently-fed lats is thus 
as follow's — 

In 844 ivell-fed lats theie wms no case of stone 

In 884 deficiently- fed lats theie W'eie 205 cases of stone 

This diffeience is, statistically speaking, voiy significant, it leaves 
little room foi doubt that m albino lats uiinaiy calculus is a ‘disease 

of faulty nutiition’ This teim is piefeiied to that of ‘deficiency 

disease,’ since a numbei of dietetic factois have been found to exercise 
a stone-pioducmg influence in lats These factois aie of two ordeis 

those of deficiency and those of excess of ceitam food-constituents The 
foimer aie negative factois, the lattei positive factors The negative 

factois, so far found, are deficiency of fat-soluble xutamms and deficiency 

of phosphates t The positive factois aie excess of lime, and some 

unknown agent present in vaiymg amounts in different ceieal giams To the 
latter theie must be added infection of the uiinary tiact The permutations 
and combinations of these factois aie many, but so fai as our wmrk has gone 
it would seem to show that positive stone-pioducmg factois aie innocuous m 
the presence of a sufficiency of fat-soluble vitamins and phosphates The 
evidence on which these statements are based is to be found m oip pievious 
reports on this subject (McCarrison, 1927a, h, c, 1928, and 1930a, b, c) Such 
causes of stone as foreign bodies and stagnation of mine in the uimaiy tiact 
axe outside the scope of our investigations which relate only to the influence 
of\dietaiy conditions on stone-production 


stock rats live m straw-filled cages The straw is frequently changed The animals 
of nibbhng the straw which is to be regarded as part of their diet 

dealing with deficiency of phosphates as a stone-producing agency will appear 
issue of this Journal 
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££Fect of the tropical, solar rays on the incidence of stone 

It is now known that om excess of vitamin D m the food is amongst the 
positive stone-pioducing agencies referred to above, and it has been suggested 
(Dnxon and Hoyle, 1928) that the high mcidence of urmary calculus m 
deficiently-fed natives of the tropics may be related to the manufacture of 
‘ large amounts of active ergosterol in their widely exposed epideimis, since the 
solar rays have high actinic value ’ I have, however, been unable to provide 
experimental evidence m support of this view Two groups of 18 young 
albino rats— 9 males and 9 females in each — ^were fed on a diet consisting of 
whole-wheat flour 90 parts, linseed oil 8 parts, calcium phosphate 1 part, 
sodium chloride 1 part, and water This diet had previously been found to 
cause a fair incidence of phosphatic calculus (McCamson, 1928) Each animal 
was confined in a separate cage One group was kept wholly in the dark, the 
animals being fed and then cages cleaned at dusk The other group was 
exposed daily to the direct rays of the mid-day and mid-summer sun, which 
at this altitude are of high actinic value The exposures were gradually 
inci eased from half-an-hour to 2 hours In order further to increase the pro- 
duction of vitamin D the backs and flanks of the animals, in places accessible 
to licking, were smeared with gmgelly (sesame) oil The expeiiment was 
continued for 8 months when the surviving animals were killed Amongst the 
rats exposed to sunlight there were two cases of vesical calculus (the stones weigh- 
ing 32 and 126 grammes respectively and being of the ammonium-magnesium- 
phosphate variety) , one case of cystitis-without-stone also occurred in this group 
Amongst those kept in the dark there were also two cases of vesical calculus 
of the ammonium-magnesium-phosphate variety (the stones weighing 20 and 
38 2 mg respectively) , one of these was associated with severe pyonephiosis 
and cystitis, the other had no apparent C3’^stitis nor other obvious pathological 
state of the uimary tract The incidence of calculous disease in the two groups 
was, therefore, the same, and unless the greater aggregate weight of the calculi 
in the ‘ sunlight group ’ is to be regaided as significant there was no difference 
between them In view of the effect of sunlight in protecting albino rats against 
rickets (Hess et al , 1922) there would seem to be no doubt that vitamin D is 
theiebj produced The amount so produced m the above experiment did not, 
however, increase the incidence of stone 


The experiments 

In a previous papei (hlcCanison, 1930a) attention was drawn to the effects 
of shked lime — ^\\hen it foimed pait of a diet deficient in fat-soluble vitamins 
and phosphates — in fa%ouiing the de\elopment of lumary calculus in rats 
It was found that while the incidence of the disease was 16 6 per cent m rats 
fed on a diet of white bread, dried jeast and distilled water, it was 42 8 per 
cent when slaked lime, in the proportion of approximately 3 grains per rat per 
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day, was added to this diet, the expeiiments having been earned out during 
the suminei montlis With the object of developing this obseivation further 
a senes of expeuments vas tamed out, (lining the past year, the results of 
which have now to be lecoided 

Seven gioups of 24 joung lats weic emplojed, the sexes being as far as 
possible equalh distiibuted in each gioup Details legaidmg their sex and 
body-v eight aie gnen in the acconipanvnig Tables (I to VII) Each animal 
was confined in a sepaiatc, seicened cage (1 foot X 1 foot X 1 foot) under 
conditions of scrupulous cleanliness 

The diets used were as follows — 

A A ba«al diet consisting of white biead 97 parts, clued yeast 3 parts 
and distilled watei Tuo gioups of lats veie fed on this diet one 
in the spring and summer of 1929 (T.iblc I) the other in the autumn 
and winter of 1929-30 (Tabic II) 

B The basal diet -plus 3 grams (approximately) of slaked lime per rat 
pci day Two gioups of rats vcio fed on this diet one duimg 
the spring and summer of 1929 (Table III), the other dining the 
autumn and vintei of 1929-30 (Table IV) 

C The basal diet phis 3, cleci eased to 1 5, giains ot slaked lime per rat 
per day One group of rats was fed on this diet dining the autumn, 
winter and spring of 1929-30 (Table V) 

D As in C but with two paits of gmgelly (sesame) oil substituted for 
2 parts of the white bread One group of rats was fed on this diet 
during the late autumn, wintci, •=;piing and early summer of 1929-30 
(Table VI) 

E As m D but with ladiostoleum added to the gmgelly oil m the propor- 
tion of 1 drop of ladiostoleuin to every 5 c c of the oil One group 
of rats was feet on this diet dining the late autumn, winter, spring 
and eailv suininei of 1929-30 (Table VII) 

A trace of iodine was added to some of these diets, its presence or absence 
had no e&ect on the incidence of stone The basal diet — A — ^lias the following 
as its chief defects deficiency of vitamins A, C and D, and deficiency o 
phosphates The addition of lime to this diet introduces another factor an 
excess of lime, involving great imbalance between lime and phosphates The 
further addition of the vitamin-pooi vegetable oil tends to increase the relative 
deficiency of fat-soluble vitamins, vhile the addition of ladiostoleum ^which 
contains both vitamin A and vitamin D — is intended to rectify the deficienc} 
of these factors, leaving the calcium-phosphate imbalance as the chief faul 
of DIET E The deficiency of vitamin C m all these diets is, for the present, 
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neglected, since rats seem to do well enough without it though they do bettei 
with it 

The lime was added to the diet m the pioportion of 5 grains to everj 
20 giammes of the food-mixtme When present in this concentration the daily 
average food-consumption was such that approximately 3 grams of lime were 
ingested by each lat daily But the food-consumption by diffeient ammals 
differed, while that of individuals varied from day to day, 3 grams is, therefore, 
an approximate estimate of the actual amount of lime ingested by each rat 
daily The ammals fed on diet B consumed this amount of lime tluoughout 
the whole couise of the experiments Those fed on diets C, D and E consumed 
this amount dm mg the first 75 days of the experiments, thereafter the concen- 
tration of lime was i educed to 2 giams per 20 grammes of the diet This 
reduction was followed by an improvement in appetite, so that from the 
seventy-sixth day onward each lat ingested approximately 1 5 grams of lime 
daily 

The amount of radiostoleum ingested by the rats fed on diet E was 
approximately 0 06 of a drop daily 

There are thus for comparison (a) two groups of rats fed, during 
the spnng and simmer months, on the basal diet with and without hme 
(Tables I and III) , (h) two gioups of rats fed, during the autumn and wintei 
months, on the basal diet with and without hme (Tables II and IV) , (c) two 
groups of lats fed, during the autumn, wintei and early spnng months, on the 
basal diet plus lime with and without gmgelly oil (Tables V and VI) , and, 
(d) two groups of lats fed, diuing the autumn, wintei and spnng, on the basal 
diet plus hme and gmgelly oil with and without radiostoleum (Tables VI and 
VII) The effects of season, of lime m laiger and smaller dosage, of vitamin- 
poor vegetable oil, and of ladiostoleum were thus studied 

The results of these expeiiments aie set out m Tables I to VII and are 
summarized m Table VUI 


Results of the experiments. 

The ba^al diet — — of bread, yeast and water without added lime 
admitted of fan growth m animals escaping infection (Chart 1) But of these 
there neie relatively few The tendency to infection of the pulmonary and 
intestinal tracts was very gieat and the resultant moitality high, especially 
during the summer months (Tables I and II) The incidence of vesical 
calculus V as 14 6 per cent and of ureteral calculus 2 per cent, renal calculus 
did not occur (Table VIII) Cystitis was present m 12 5 per cent of the 
animals, hydronephrosis m 2 pei cent, and dilated ureters m 4 per cent 
Pjonepluosis Mas conspicuous by its absence In 5 of the 7 cases (Tables 
I and II) in which vesical calculus occurred, the calcuh existed as phosphatic 
giaiol , in the two lemaining cises well-formed ‘stones’ Mere pre<=ent The 
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Giving details of 24 iats fed on a diet consisting of white biead 97 2wits, dried yeast 3 yaits, slaked lime 3 grains 
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Vesical stones formed of calcium carbonate occuiied m Nos 2G36, 2G43, 2611, 2612, 2615, 2616, 2618 and 2620 
Vesical stones foimed of calcium hydio\ide occuired in Nos 2633, 2641 and 2617 Mi\ed calcium carbonate and calcium 
Jiydio\ide vesical stones occuned in Nos 2640 and 2613 All renal stones — Nos 2641, 2616 and 2617 were composed of 
calcium carbonate 
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Table VII 

Ghving details of 24 lats fed on a diet of white biead 95 paits, dried yeast 3 paits, radiostoleum 
in gingelly oil 2 parts, slaked lime 3 to 14 grains per rat per day, and distilled water 
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2728 

Totals 

Avciugcs 


111 No 2719 the bladdei was luptured owing to gieat distension, urine and lime m abdominal cavity 
In Nos 2708, 2723 and 2725 the bladder stones were well formed and numbered 2, 3 and 6 respectively; Nos 2723 and 2725 
wore calcium carbonate stones. No 2708 was not analysed , in No 2719 the concretions were of the usual gravelly 
character, noted m previous tables, thev were composed of calcium hydroxide 
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foimei provided insniRcient material for complete qualitative analysis, the 
lattei was found to consist of ammomum-magnesium-phosphate (Table IX) 

Chaet 1 



Influence of lime 

The addition of lime to the basal diet had four notable effects (a) giowth 
was impaired (Chait 2), (6) the incidence of calculus disease vas greatly 
increased, (c) the incidence of urinary tract infections was likewise greatly 
inci eased, (d) the physical and chemical characters of the calculous deposits 
were altered (Table IX) The incidence of vesical calculus (Table VIII) rose 
from 14 6 to 56 2 pei cent, that of renal calculus fiom 0 to 14 6 pei cent, and 
that of meteral calculus from 2 to 8 pei cent The incidence of cystitis rose 
from 12 5 to 52 0 pei cent, that of p>onephio=5is fiom 0 to 21 per cent, that of 
hychonephiosis fiom 2 to lO^piei cent, and that of dilated ureters from 4 to 44 
pel cent 

Characters and ^imposition of calculous deposits 

The stones occuirmg in rats fed on the hasal diet without added hme were 
composed nnmh of ammonium-raagnesium-phosphate and had the physical 
cliancteis pieiioiislv described ClcCarrison, a, b, c, 1928, and 1930o) Those 
oceuiiing in nts, to vhose basal diet lime nas added, were of ^ei-j different 
charicter and composition The ‘calculous deposits’ — a more fitting descrip- 
tion than ‘stone’ — vere then made up of numerous, smaller or larger, rounded 
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and nou-facetted giams or pellets of chalk-like, giavelly inateiial, whitish m 
coloui and non-piginonted (Plate LI, fig 1) In quantity they vaiiecl 
gieatly in difteicnt cases In •lOine the depo&its neighed onh a lew inilligiams, 
in otheis they wtu* piesont in enoiinous quantities, tlie ina\nnuin amount 
being 2,085 milligianis oi one-se\ cntieth pait of the bodj -w'eiglit of the animal 
(No 2641, Table IV) The deposits m the bhddei langed in weight fiom a few 
niilligiams to 1,250 mg , those in the kidnej’- tiom a few' niilhgiams to 1,530 mg 
(Plate LI, fig 1), while those in the uietei existed only as small. 

Chart 2 



Showing the growth-cuive of lat No 2730 (Table V) fed on the basal diet -plus hme 
Compare with Chart 1 and note the inhibition of giowth caused by the high intake of hme 
during the first 75 days of the expeiiment and the improvement in giowth after the dose 

of lime was i educed 

non-impacted giains Stiictly speaking the last cannot be legaided as uieteial 
stones at all but merely as fragments of mmeial matter on then way from the 
kidney to the bladder, m a few cases, however, these fragments were laige 
enough to permit of the term 'stone’ being applied to them, for purposes of 
record all cases in which calculous deposits were found m the ureter have been 
classed as 'ureteral calculi’ 

Pour types of calculous deposits were met with in these experiments 
(a) ammonium-magnesium-phosphate stones, (b) calcium carbonate stones, 
(c) calcium hydroxide stones, and (d) stones made up of a mixture of the 
last two substances The first existed only m rats to whose basal diet lime 
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was not added, the last three only in lats to whose basal diet lime was added 
Then composition has been dealt with in previous papers (Newcomb and 
Ranganathan, 1930, Ranganathan, 1930) Foi the sake of completene'^s then 
average composition is given in Table IX 

Table IX 


Showing the aveiage composition of the fom types of calculous deposits met 

with 111 these experiments 


Type of stone 

Moisture 
Per cent 

A-s 

1 

PERCENTAGES ON MOISTURE-FREB 
SAMPLES 

! Total 
nitrogen 

PO. 

CaO 

1 

MgO 

O 

p 

1 

Ammomum-magnesium-phos- 1 

37 8 

STS 

33-1 

1 

11 

1 

13-8 



phate stones 







2 

Calcium caibonate stones 

SO 

136 

138 

4174 

18 

38-8 

3 

Calcium hydrovide stones 

26-45 

145 

131 

31 S6 

0-2 


4 

Mii.ed calcium carbonate and 

12-05 

1*50 

0r69 

3632 

0-97 

17 86 


hydrowde stones 








Influence of season. 

The quantity of lime deposited in the urinary tiact was veiy much greater 
dming the winter (Table TV) than durmg the summer months (Table III) in 
lats to whose basal diet lime was added The incidence of calculous disease 
was also liighei in winter, as was that of cystitis, pyonephrosis and dilated 
meters (Table VIII) Rats to whose diet hme was not added tended to hve 
longer and to mffer less fiom infectious disease during the wmtei than during 
the summer (Tables I and 11) 


Influence of gingelly oil 

The addition of gingelly oil to the diet of uhite biead, yeast and lime 
caused a slight improvement in giowth (Chart 3), but a significant increase m 
the incidence of calculous disease (Tables V and VI) More hme was deposited 
m the uiinaiy tiact, and inflammatory states of the ti act— cystitis, pyonephrosis 
— were more frequent and moie severe 


Influence of radiostoleum 

The fuithei addition of ladiostoleum to the diet of white bread veast 
distilled water had very striking effects (Tables ^ VII 
and VIII) The moitahtj was gieatlj reduced, the incidence of calculous 
disease and of inflammatoiy states of the urmary tract was markedly lowered, 
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f)26 

and, piG'^suio effects wcie almost whollj absent Thus, the incidence of vesical 
calciilu'^ fell fioin 81 8 to 19 0 pci cent, of lenal caltuhis fiom 31 8 to 0 pei 
cent, and ol uicteial eakuliis horn 31 8 to 0 pei cent That of cystitis fell 
fiom 77 2 to 18 pei cent and that of p^ onephio-is fiom 50 to 0 pei cent 
Ha dioncphiosis did not occui at all and dilated uicteis occiuicd only in one 
case, a diop in the incidenee ot the lattei of lioni 72 5 to 4 5 pei cent 

The expciimcnts (Tables V to VII) with which these icsults deal weie 
divided into tw’o pciiods that ot high Imie-ingc&tion fiom the fiist to the 
75th da\ , and that of lowci lime-ingcstion fiom the 75th to the 248th day 
Dining the hist peiiod the pioteetion afloidcd by the ladiostoleuiu against 

Ciiviu 3 



calculous disease was consideiably less than dining the second peiiod, indeed, 
it would seem that duiing the lattei peiiod it was complete and that calculous 
deposits foimed duiing the fiist peiiod weie lesolved eithei wholly oi in part 
Tliiee animals died duiing the hist peiiod (Table VII) , of these one (No 2708) 
had calculous deposits in the bladdei of the same physical and chemical 
chaiacteis as those met with m animals not leceivmg ladiostoleum (Plate 
LI, fig 1) Duiing the fiist 12 clays of the second peiiod two moie 
animals ’died and of these one (No 2719) had similai calculous deposits in the 
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bladdei, 'uhich weie obviously the lesidual effects of the first period of high 
lime-ingestion In this case, howevei, the calculous deposits were well formed 
and evisted as 2 large, softish stones Thus 2 out of 5 rats — or 40 per cent — 
had calculous deposits in the bladder despite the ingestion of ladiostoleum 
It IS leasonable, therefore, to assume that five oi si\ of the lemaming 16 had 
concietions m the uiinaiy tiact at the time the dose of lime was reduced But 
on killing these 16 animals on the 248th day of the experiment two only 
(Nos 2723 and 2725) v eie found to have vesical calculi It would seem, therefore, 
that new cases of stone did not aiise aftei the 75th day and that spontaneous 
cme of stones already foimed by that time had occmred in some cases 
Evidence highly suggestive of such spontaneous cure is aftorded by the two 
cases of vesical calculus found amongst these 16 animals Nos 2723 and 2725 
(Table VII) The physical chaiacteis of these calculi (Plate LI, fig 3) 
diffeied stiikmgly from those of the calculous deposits found m other animals 
(Plate LI, fig 1) They veie well foimed, theie being three stones in one 
case (No 2723) and six m the othei (No 2725) They weie facetted and daik 
in coloui, lesemblmg gall-stones, on exposuie to air then coloui faded to a 
lightei hue On bieakmg them they weie found to consist of a brittle shell 
enclosing a diity-iihite, coarse, spongj'- mateiial, resembling pumice stone 
The spongy material within the buttle shells was stiongly suggestive of resorp- 
tion of pait of the calculous mateiial deposited during the first period of the 
experiment, while its enclosuie m the shell conveyed the impression of a pro- 
tective encystment of the non-absoibed calculous material The shell was 
ceitainly deposited aiound this material dming the second period of the 
experiment On analysis of these stones the shell, as well as its contents, was 
found to be made up of calcium carbonate with a httle magnesium and 
phosphate They contained less moistme, less nitrogen, and less phosphates 
than the calcium caibonate deposits occurring m othei cases (Table IX), 
due, possibly, to the fact that the lattei were not washed fiee of adlierent 
mine befoie analysis 

Then composition is given m Table X 

Txble X 

Giving the composition oj the stones occurring in two lats {Nos 2723 and 2725 
Table VII) receiving radiostoleum 


Rat Moisture 

■^s PERCEKTAGES OM" MOISTURE-FREE 

SAMPLE 

I 

Murexide 

test 

number \ 

Per cent j 

Total 1 
mtrogen i 

P=0 

CaO 

hlgO 

O 

o 

d 

d 

1 

2723 
2725* 
2725 1 

278 

3-21 

260 

0-5S 

(744 

a75 

112 

0-85 

i 100 

1 

48-8 

48-9 

4S’9 

1 

?2 1 38-0 

IS 1 41 4 

19 1 39-4 

1 


Negative 
Negatu e 
Negative 


♦Represents an aierage sample of stone from rat No 2725 
t Represents only the outer shell of the stone from rat ^'o 2725 



928 


Fin the) lle'ieiDches on Stone. 


The lats in winch these eiilcuh occmied wcie well nouribhed, even fat 
then bhuldei walls weie hypeitioplned and the mueous membiane hypeiplastic, 
but in iieithei case w^as cjbtitib, iioi othei inflaiinnatoiy btate of the unnaiy 
tiact, jneseiit The hjpeitiophu changes in the bladder lepresentecl the 
healthy lesponsc of w^ell-noinished tis-'ues to undue stimulation caused by a 
toieign bod} in the viscus, eontiasting in this legaid with the degenerative, 
metaplastic and inflammatoiy changes picsent in the ti‘-sues of the unnaiy 
tiact of lats not leceiving lad’o^toleuni 

Chart 4 



Showing the giowth-cuive of rat No 2723 (Tabic VII) in whose bladdei two calcium 
carbonate stones were piesent Rat fed on the basal diet to which gingelly oil, hme and 
ladiostoleum were added The animal was othei wise healthy Note inhibition of growtn 
caused by the lime duiing the fiist 75 days of the e\peiiment, and the good giowth after 
the concentration of lime in the diet was halved 

I conclude fiom these obseivations that while ladiostoleum had a pio- 
nounced effect m countei acting the stone-pi oducing influence of the lime, the 
amount ingested by the lats duiing the fiist peiiod of the experiment wms 
deficient lelative to the amount of lime ingested The deposition of hme m 
the unnaiy tiact was not, theiefoie, wholly pi evented, though the numbei of 
lats affected in this way was significantly less than in those not receiving 
ladiostoleum Duiing the second peiiod the amounts of lime and ladiostoleum 
weie moie evenly balanced , fiesh deposits of lime did not then occm in the 
kidney while those alihady deposited in the bladder tended to be lesolved oi to 
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be surrounded by a brittle coating of calcium carbonate The unresolved 
remnants of previous deposits became, m fact, foreign bodies around which 
urmaiv salts weie laid and since these salts were mostly made up of calcium 
carbonate (Table XT) the coating of the umesolved remnants of previous 
deposits was composed mainly of this material This interpretation of events 
IS supported by the differing effects of ladiostoleum on gro^vth during the two 
periods of the experiment During the fiist period, when the ingestion of lime 
was high, growth in the majority of animals was almost at a standstill (Charts 
4 and 5), while m a minor itv (Chart 6) the inhibition of growth was less 

Chart 5 



Showing the gro«th-cune of rat No 2725 (Table VII) m i\hose bladder si\ calcium 
carbonate stones (Plate LI, fig 3) ^\e^e present Rat fed on the basal diet to which 
gmgelly oil, lime and radiostoleum were added The ammal uas otherwise healthy Note 
inhibition of growth caused by the lime'durmg the first 75 dajs of the expenment, and the 
good growth after the concentration of lime in the diet was hahed 

maiked Duiing the second period, when the dose of lime was leduced, growdh 
proceeded normallj This difference in growth w'as due m considerable part 
to a higher food-consumption during the second period, but it seems also to 
have been due to an inhibitory action of the high lime-ingestion on the growth- 
promotmg properties of the ladiostoleum However this may be, a balanced 
adjustment of these two ingredients of the experimental diet w’as found to be 
necessary not only for normal growth but for the prevention of calculous 
disease and of inflammatory states of the urinarv tract 
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A pcculiai intcicst alt ulics to theic two ca'^ci of itone they avcic obviously 
the outcome of i peiiotl of m.ilmitiition lollowed by one of moie peifect 
nutiitioii but m which the food wu'- '-till taultc with le-'pect to calciiim-plios- 
phoius balance Such a tiaiii ol ecent-- h not unlike 1} to occiii both in liuraan 
beings and in ammals dllicted ‘stone’ peiioik of w int alternating wutli 
peiiods of plenty The •^cciuence of c\ents in the foiniation of these calculi 
suggests that both pciiods nia\ play a pait in otone-foimation the one when 
concietions aie actually depo-ited in the uiinaiv tiact, the othei when 
‘excess’ of ceitain niineial •'ubstaiues in the mine iiia} add to the stones’ 
aichitectuie The laminated diaiattei of m.inj stones may have some such 
explanation But the duct mteie^t in the-'C two stones is that foi the first 
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Showing the giowth-cuive of lat No 2727 (Table VII) This animal was fed on 
the basal diet to which gingelly oil, lime and ladiostoleum weie added It did not suffei 
from stone Note that the inhibition of giowth dining the fiist 75 days of the experiment, 
when the concentiation of lime in the diet was high, was less maiked than that shown m 
Chaits 4 and 5 This lesult was exceptional 

time, in the couise of oui woik on this subject, vesical calculus has been found 
in othei wuse healthy and well-nouiished lats Always, in pievioiis expeiiniental 
woik, the condition has occuiiecl in animals suffeiing not only fiom stone but 
fiom othei effects of vitamin-depiivation In these twm cases the sole abnoi- 
mality was the presence of calculi in an hypeiti opined but othei wise healthy 
bladdei The significance of this obseivation is, theiefoie, gieat 
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Relation of radiostoleum to calcium and phosphate escreliom 

Six da'vs alter the reauction ’ti the dosage oi Inrie nvo rats ixoiu eaca o: 
the three groaps (Taoies V AT ana ATIt vrere placed in metaboh-m cages 
and "^esklt estimations made oi their intake and urinary excretion oi calcium 
and presphate Tner >veTe observed in tnis mav lor a penod of six vreeks 
For Dumoses oi comnanson .our rreH-ied control rats were examiaed in a 
similar wav Two o* tnese Jiad no lime aaded to their stock diet the other 
two had the lime being aaded m the same pronortion as in the experimental 
aiets (1 5 arams per rat per dav ) Tne results of tnese observations mane 
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From these results it is seen that in well-ied rats there was no mcreased 
excrenon oi calcium through the armary tract conseciuent on the adfiition o; 
lime to me stock diet There was however a considerable decrease in the 
urmarv excretion oi phosphates due to the mcreased demands or the fecal 
calcium (an assumption conSrmed bv tne close parallelism which was lound 
to exist m these annuals between the fecal excretion of calcium and 
phosphates'* i 

A\Tien the same amount o lime was added to the phosphate-poor basal 
diet the urmarv excretion oi calcium was very high while that of pl'csphates* 
wa= xerv low Conseouent on the excessive mgestion or lime the amm% wele 
roobed OI much oi the small amount of phosnhorus wmch tne basal die* 
contained The wod did not contam even enough phosphorus to combme wtii 

FuTThti dc aili m dm wzard are wserrsd zor a suD-setjasa* 
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fche fcecal calcium The piesencc oi absence of gingellj-’ oil m the experimental 
diet had no efiect on the coiiise of the lirae and phosphate excietion 

With the fuithei addition of ladiostoleum theie was an even greater 
excietion of lime thiough the kidnej, due m pait at least to an increased 
intake, but the uimaiv excietion of pho-^phates was not altered 

Mode of action of radiostoleum. 

It follows fiom the abo\e obseivations that the tendenc\ of radiostoleum 
to inhibit the deposition of lime in the uiinai\ tiact wa=; not due to its limita- 
tion of the amount of lime passing thiougli the kidneys, the limiting factor 
was phosphorus not ladiostoleum Whethei it pie\ented the deposition of 
lime solely by maintaining the nutiition and functional integiity of the tissues 
of the uiinary tiact itself, and then ficedom fiom infection, or by an alteration 
in the physical state of tlie calcium salts pa'^sing thiough the kidneys, lemains 
to be determined 


Incrusted cystitis. 

It will be obseived fiom Tables I, II, III and IV that 8 cases of inciusted 
cystitis occuired m this senes of expeiiments So iai as I am awaie the 
experimental pioduction of this unusual condition has not pieyiously been 
leported It occuiied in lats to w'hose diet lime wms added as w'ell as in 
otheis to whose diets lime was not added, but no case was observed in animals 
whose diets contained gingelly oil with oi without iadio‘?toleum The lattei 
obseivation may not be without letiologioal significance 

Similarity of cattle-stones to calcium carbonate stones m rats 

In a succeeding papci (Ranganathan, 1931) (page 935) Mi S Ranga- 
nathan gives an account of his analyses of cattle-stones Then composition, 
as wmll as then physical chaiactei'? (Plate LI, fig 4), appioximates closely to 
that of the calcium caibonate stones (Plate LI, figs 1 and 3) pioduced m 
these experiments In making this compaiison count is taken only of those 
lat-stones that aie composed foi the most pait of calcium caibonate and not 
of those containing this substance in admixtuie wuth calcium hydi oxide This 
similaiity of composition is showm m Table XI 

It will be obseived fiom Table XI that the twm stones occuiiing m lats 
fed on a diet containing ladiostoleum (Nos 2723 and 2725) aie piactically 
identical in then composition with that of cattle-stones, the only diffeience 
between them being that the cattle-stones contain twnce as much magnesium 
This obseivation mav have an impoitant beaiing on the letiology of ‘stone 
in cattle 

Summary. 

1 Well-fed albino lats living undei hygienic conditions of life aic 
noimally free from stone, they develop the disease only when fed on deficient 
diets 
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TiVBLE XI 

Showing tho composition of ccittlc-stoncs and of the calcium carbonate stones 

of rats 


As PFRCDNTAGES ON MOISTUHE-FHEE 


Average 

Cattle-stones (23) 

Eat-stones (20) 

Hat-stones Nos 2723 and 2725 


Moisture 
Per cent 



Total 

nitrogen 

PiO- 

31 

04 , 

09 

SO 

136 

13S 

3-0 

0-5 

10 


SAMPLES 


1 CaO 

MgO 

COi 

440 

48 

39-1 

1 417 

18 

38-8 

1 

; 48-9 

2-0 

397 


2 The dietetic factois so far found to be concerned in stone-production 
in albino lats are of tno oideis negative and positive The negative factois 
are deficiency of fat-soluble vitamins and deficiency of phosphates, the positive 
factors are excess of lime and an unknown agent present in varying amounts 
in cereal grains The positive factors appear to be innocuous m the presence 
of a sufficiency of the negative ones 

3 Malnutrition of the urinary tiact was an important underlying cause 
of the calculous disease occurring in rats in these experiments Superimposed 
infection may have contributed to its occurrence, it was not essential to it 
In a number of cases cystitis and pyonephrosis occurred without stone, m a 
number of others stone occupied without cystitis oi pyonephrosis Incrusted 
cystitis was observed in 8 cases 

4 Although an excess of vitamin D in the diet is known to cause stone 
in albino rats, the daily exposure of these animals to the direct rays of the 
sun did not inciease the incidence of the disease when they were fed on a 
stone-producing diet 

5 The incidence of urinary calculus in rats fed on a basal diet of white 
bread and yeast was 14 6 pei cent The calculi so produced were of the 
ammonium-magnesium-phosphate variety 

6 The addition of slaked lime to the basal diet of white bread and 
yeast greatly increased the incidence of ininary calculus and of urinary tract 
infections It also altered the physical and chemical characters of the calculi, 
which were no longer well formed nor composed of ammomum-magnesium- 
phosphate but were ill formed and composed of calcium carbonate or calcium 
hydroxide or both More lime was deposited in the urinary tract during the 
n inter than during the summer months 


7 The stone-producing potency of tins diet (white bread, yeast and lime) 
was further enhanced by the addition to it of a vitamin-poor vegetable oil 
inflammatory states of the uiinaiy tract weie also more frequent and more 
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severe, due piobably to the gicatci relative deficiency of fat-soluble vitamins 
bi ought about by the pic^cnce of this oil in the diet 

8 The fuithci addition ot ladiostoleiiin (appio\imatcly 0 06 of a drop 
per latrpci dav) to this diet caused a gicat i eduction in the incidence of 
uiinaiy calculus and of uiinaiy tiact mfcctioiib The stone-pi eventing potency 
of this amount of iadio':tolcum appealed to be i elated to the conccntiation of 
lime in the diet the moic hmc the le^" potent the ladiostolcum 

9 Radiost oleum did not jn event the deposition of lime in the uiinaiy 
tiact by limiting the amount of hmc ib^oibcd oi passing thiough the kidneys 
Whethei it pi evented the deposition of lime solclv by maintaining tlie nutrition 
and functional integiih of the tissues of the tiact and thou freedom from 
infection, or by alter mg the plusicai state of the calcium salts passing thiough 
the tract, icmains to be dctci mined 

10 A balanced adjustment between the hmc and the ladiostoleum was 
found to be necessary not onlv foi the pievention of calculous disease but for 
normal giowth of the lats 

11 Vesical calculus was inoduced m othciwi-c health\ and wcll-nouiislied 
rats by feeding them foi 75 da^s on a diet of high stonc-pioducing potency 
and theieaftei for 173 davs on a diet of wdiich the stone-pioducing potency 
was low^ 01 nil 

12 Expeiiraentally-pioduced calcium carbonate stones in rats have 
practically the same composition as uiinaiv calculi in cattle, an observation 
which may have an impoitant bear mg on the mtiology of cattle-stone 
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Plvic LI 



Fig 3 


Fig 4 






Explanation or Plate LI 

Fig 1 ShoA\ing calcium caibonate stones, weighing 715 mg, removed from 
the bladdei of lat No 2618 (Table IV) Compaie with the 
‘stones’ lemoved fiom a bullock (Fig 4) 

„ 2 Showing calcium caibonate concietions, weighing 1,530 mg, lemoved 
fiom the kidneys of rat No 2641 (Table IV) 

„ 3 Showing si\ calcium carbonate stones removed fiom the bladder of 
an otheiwise healthy lat (No 2725, Table VII) fed on the basal 
diet to which gingelly oil, lime and ladiostoleum were added 
Foi full desciiption see text 

„ 4 Showing ‘stones’ removed fiom the uiinaiy passage of a bullock 
The stones are composed of calcium caibonate Compare with 
the expel imentally-pioduced calcium caibonate stones in lats 
(Fig 1) 
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The piesent papei deals with twenty-three urmaiy calculi obtained fiom 
cattle, seventeen of which weie fiom vaiious paits of the Madras Presidency, 
four from Nadiad and Baisi in the Bombay Presidency, and two fiom Jaiwal 
and Fatehpm in the United Provinces Twenty-one were vesical and urethral 
stones and two were renal Particulars in legard to them are given m Table I 

Physical characters of the ceJcuh 

Cattle stones are usually small, gram-like bodies, often little bigger than 
a No 4 lead-shot, having a hght or deep golden yellow sheen about them 
Most of them look alike in structure and shape, this is true of only the vesical 
and urethral stones The two lenal stones stand apait from the rest as regards 
then physical characteristics they are of u regular shape, the shape presumably 
depending on the site of foimation of the calculus in the kidney, and devoid 
of the bright metallic sheen 

The cattle stones diffeied in then physical chaiacteristics from human 
calculi m the following regards — 

(1) They are much smaller, rarely exceeding the size of a small pea, 
whereas human stones aie commonly of large size 

(2) They are usually multiple, often occuriing to the number of 100 or 

more less often they are few in number Human stones, on the other hand 
are commonly single, less often they are multiple ’ 

(3) Cattle stones have a lammated stiucture of seveial layers, all looking 
alike, the layeis being thin and comparable to the thin coats of the omon 
While the different layers in the human stones have a different composition 
consisting either of calcium oxalate, or uric acid or urate, or calcium or 

[ 935 1 



Table I 

Giving paiticiilais as to age, food, etc, of cattle sufjenng fiom winaiy calculus 
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Chemical Compobition of Unnaiij Calculi m Cattle 
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magnesium ammonium phosphate, those of cattle stones consist foi the most 
part of calcium carbonate Again, the several layers of the human stones are 
differently colouied — the colours seiving as an approximate guide to the 
chemical composition, eg, uiic acid oi mate layeis being light yellow to dark 
brown, phosphate layeis white to duty white, and oxalate layers being 
chocolate-colouied — wheieas those of cattle stones have neaily the same colour 

(4) Cattle stones aie quite haul, considerable pressure being usually 
necessary to powdei them Human stones may also be hard if they consist 
mostly of calcium oxalate, compaiatively less hard if consisting of uric acid 
or urate, and relatively buttle if of phosphates 

(5) Cattle stones have all neaily the same colom, which ranges from 
whitish-yellow to yellowish-biown, commonly they have a metallic sheen 
Human stones do not all have the same colour noi have they the blight metallic 
sheen, so common in cattle stones 

(6) Wheieas all cattle stones lesemble one another closely in most of 
then physical characters, human stones do not 


Chemical composition of cattle stones. 

The similarity of cattle stones m most of then physical characters is mani- 
fested in then chemical composition as well (Table II) 

Methods of analysis — Nine of the twenty-three stones were of sufiBcient 
size to permit of a quantitative macro-analysis moisture, total ash, ash 
insoluble in hydrochlouc acid, total nitrogen, phosphates, calcium and magnesium 
were thereby determined The same ingiedients, with the exception of the 
total ash, were determined in the remaining fourteen by the micro-methods 
developed in this laboratory Oxalates and carbonates were determined by 
micro-methods in all the twenty-three stones A qualitative test (Murexide 
test) for the presence of uric acid was done in all of them The results of the 
chemical analyses are given in Table II and the average composition of the 
stones in Table III 

Table III 

Aveiage composition of the stones 


Total ash 


Per cent 


P,0= 

fr90 

54-5 

CaO 

440 


MgO 

484 

4974 


C,0, 


0-59 

N 


0-37 

CO, 


39-07 
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The peiccntagc of ath, not accounted foi in the nine btones wherein total 
ash was estimated, is given in column 11 of Table II, its average being 1 02 
pel cent 

It IS appaient fioin Table II that all the calculi have a similai composi- 
tion, consisting mostly ol cMibonate ol cakiuin, w’lth a little magnesium The 
magnesium content vaiied fioin 2 2 to 9 4 pei cent wuth an aveiage of 4 84 
pel cent, pie&uinably it exists foi the ino-'t pait as caibonate, though it is 
possible that some may exist m the foim ol phosphate The aveiage peicentage 
of CaO being 44 0, it would lequiie onl> 31 5 pei cent oi CO. to form CaCOj, 
while theie actualh exists 39 07 pen cent of CO. The lemaming 4 57 pei 
cent of CO. is piesiminblj combined with nnigncsimn to foi in magnesium 
caibonate, it that w'eie so, it would lequiie onlj 1 19 pei cent of MgO w'heieas 
the aveiage foi INlgO woiks out to 4 84 pei cent The balance ot 0 65 per 
cent MgO is veiy likelj united w'lth the P.O^, the aveiage content of w4ncli 
i§ 0 90 pel cent 

Nitiogen IS pie&cnt m cattle stones only in tiaces wdiich laiely exceed 
0 5 pel cent, the a^e^agc being 0 37 pei cent The Muiexide test show's that 
the nitiogen does not exist as uiic acid, the natuie of the nitiogenous com- 
pound w'as not, how'cvei, m\ estigated, as it occuiicd in exceedingly small 
amounts and as theie w'as not a sufficiency of stone inateiial to admit of the 
deteimmation of its natuie Excluding the values obtained foi nitiogen, the 
total constituents — expiessed in column 13 (Table II) as the sum of PoOo) 
CaO, MgO, COj, CjOj and insoluble mattei — amounted to 89 7 pei cent of 
the diy weight of stones Assuming that the nitiogen exists as a piotein — 
this assumption is wan anted bj the expeiience gained m the analysis of human 
vesical calculi — the aveiage foi the total would be laised to 92 0 pei cent of 
the diy w'eight of the stone, still leaiing 8 0 pei cent not accounted foi 

Insoluble inattei — le, poitions of the stone leit undissolved aftei digestion 
with concentiated sulpliuiic acid — occuiied only once, in stone No 24, which 
happened to be a kidney stone lemoved fioin an ox The only othei kidney 
stone (stone No 23) did not contain any insoluble mattei 

The chemical composition of the only two lenal stones encounteied was not 
significantly diffeient liom that of the lest In this lespect, cattle approxi- 
mate closely to lats, w'hose lenal stones do not diffei m then chemical com- 
position fioin then vesical ones (Newcomb and Ranganathan, 1930, Ranga- 
nathan, 1930), and diffei fiom human beings in whom kidney and bladder 
stones aie essentially different in then composition (New'coinb and Ranga- 
nathan, 1930b) 

Fiom a study of Tables I and II it will be seen that the composition of 
the stones does not vaiy appreciably with the age of the animal that of a 
calculus fiom a six-inonths old calf (stone No 9) oi from a 12-yeai old fully 
gi own-up bullock (stone No 5) being approximately the same The chemical 
composition also seems to be independent of the place of nativity of the animals 
as also of then diet So fai as these limited observations aie concerned, there 
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seems to be an indication that stones fiom diffeient piovinces do not materially 
difier eitliei in then chemical composition oi in their physical character istics, 
notably stiuctuie and shape 

Calcium and magnesium content of waters drunk by the animals 

Samples of watei, duink by five animals suffering from minary hthiasis, 
were provided foi analysis Calcium and magnesium weie determined in them, 
the lesults being given in Table IV 


Tvble IV 

Analysis of the uatei dtunk by the animals 


Stone number 

CaO 

Parts per 100,000 

1 

1 

MgO 

Parts per 100,000 

1 

76 

1 2-9 

3 

3-4 

i .e 

6 

299 

' 164 

7 

36-3 

1 390 

12 

25 i 

1 33 


It IS seen from Table IV that the calcium content of the waters varied 
widely fiom 2 5 to 36 3 pei 100,000 The values for magnesium aie equally 
divergent, these varied fiom 16 to 39 0 paits pei 100,000 The chemical 
composition of the stones seems to have been unaffected by the mineral content 
of the water drunk by the animals, the composition remains appiovimately 
the same vhethei the stone came fiom an animal drinking water nch in calcium 
and magnesium oi from one used to a ivatei poor in these two elements 

Iron content of cattle stones 

The blight metallic sheen in most of the stones suggested that it might 
be due to the occurrence of non Quantitative micro-estimation revealed the 
presence of iron in all the stones m which the test was made This lesult is 
shown m Table V 


.Comparison of the chemacal composition of cattle stones with that of 

human stones 

Compaiing the cattle stones wuth human vesical calculi the followimr aip 
the chief differences — ^ 

(1) In human stones the most common constituent is uric acid or irntp 
which is completely absent in cattle stones 
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TiVBLE V 


Stouo 

number 

Iron (Fc) m milli- 
grams per cent 

1 

Not cvimined 

2 

Not cvunmed 

1 

3 

Not e\'imined 

4 

110 

5 

12 5 

6 

19 2 

7 

32 0 

8 

Less than detectable 
amounts 

9 

66 

10 

39-1 

11 

Less than detectable 
amounts 

12 

Not examined 

13 

Trace 

14 

Trace 

15 

15 4 

16 

Less than detectable 
amounts 

18 

305 

19 

Not examined 

20 1 

Not examined 

21 

Not examined 

22 

Not examined 

23 

Not examined 

24 

Not examined 


(2) Cattle stones contain, on an average, more calcium and magnesium 
than human stones 

(3) Human stones contain much oxalate and little oi no caibonate, while 
cattle stones contain plenty of carbonate with little or no oxalate 
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(4) Human stones contain much moie phosphates and nitrogen than cattle 
stones 

A conipaiison of the mean composition of human and cattle stones are 
given in Table VI 

T.1BLE VI 



Mois- 

ture 

Total 

nitrogen 

P,0» 

CaO 

1 

MgO I 

c,o. 

CO, 


Percent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

1 

Per cent 

Human stones 


17 9 

69 

14 9 

20 

140 

0 

Cattle stones 

1 


Qr4 

1 

0-9 

1 dd-o 

1 4S 

0-6 

39*1 


Summary and conclusions 

(1) Twenty-three calculi (21 vesical and urethral and 2 lenal) from cattle 
have been analysed 

(2) The stones have a fairly unifoim composition, consisting mostly of 
carbonate of calcium with a little magnesium the latter presumably existing 
as a carbonate 

(3) They contain very little nitrogen and no uric acid 

(4) The chemical composition of urinary calculi in cattle seems to be 
independent of the age of the animal, of the place of its residence and of the 
mineral content of the water drunk by it 
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It has been shown m these laboratoues that Baitonella muns anaemia — 
which occurs m albino rats following removal of the spleen — may aiise m a 
proportion of non-splenectomized lats when they aie fed on a deficient diet of 
which the chief faults aie deficiency of fat-soluble vitamins and vitamin C 
(McCairison, 1927, Wills, 1930) The faulty food would thus appeal to induce 
functional injury to the spleen thereby lowering tlie lesistance to Bartonella 
infection, m a mannei comparable to, though not so effective as, splenectomy 
It has lately been shown by Perla and Marmorston-Gottesman (1930) that 
‘the pulp cells of the spleen aie specific in the protective mechanism of the rat 
to Bartonella muns anaemia’ Our own observations (McCairison, 1927, 
Wills, 1930) would appeal to indicate that the functional perfection of this 
mechanism is largely dependent upon the pioper constitution of the food 

Peila and Moiraoiston-Gottesman (1930) have lecently succeeded in 
isolating a stiain of Bartonella muns fiom normal, non-splenectomized, adult 
rats by injecting the blood of the ansemic rabbit into young lats, thus demon- 
stratmg that the adult i at is a carrier of the Am us of Bartonella muns anaemia 
They found, further, that ‘splenectomy m suckling rats is not followed by 
Bartonella anaemia, since dining the suckling period the rat is not a carrier of 
the virus ’ We have lecently made some observations which appear to conflict 
with this finding, or to show that the new-born albino rat may behave in a 
different way to the older suckling Avith respect to this infection 

( 946 ) 
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A Note on Baitonella imiris Ancunmi 


In Octobei 1929, the senioi aiithoi icmo\c(l tlie spleen m 66 young adult 
lats* Of these, 65 suivived the opciation and one died in consecpience of it 
With a few exceptionsj all developed Baitonella mutib anaimia — the blood 
examination being made bv Dis Wills and IMchta Of the 65 animals 
41 died and 14 sumved Amongst the 11 suivuois theie weie 7 males and 
7 females These weie placed in sepaiate, sti aw -filled cages and fed on the 
stock diet in use m these laboi atones (whole-wheat flom chapattis lightly 
smeaied with fiesh biittei, spiouted giam. diluted whole milk, cabbage, carrots 
and wmtei ad libitum, with a small lation of law meat occasionally) One 
hundred and eighteen and one hundied and twenty-se\en days respectively after 
splenectomy, one female and one male had a i elapse of Bartonella muns 
anoemia fiom which they died, piO'^umably, thev had acquiied an immunity 
to the infection wdiich had woin oft b\ that time Following this incident the 
SIX lemammg splenectomized females weie mated with health}' non-splenecto- 
mized males, then tail blood haring been fiist ovammed foi Bartonella with 
negative results The subsequent histoir of each of these splenectomized 
females is given below together with the lesults of oiu examination of the 
blood (usually heait blood) of then oftspiing — 

No S 08 Splenectomized on 19-10-29 Developed Bmtonella imins anicmia Recovered 
Mated on 13-5-30 Gave bn th to 4 vounp: on 7-6-30 Dc\ eloped profound anaimia and died 
on 9-6-30 Blood from heart and smeais fiom In or, taken after death, showed no Bartonella 
mwis Post-mortem appearances were chuactenstic of Bartonella muns anremia (Wills, 
1930) All 4 young were killed and eaten bv the mother before her death 

No S 63 Splenectomized on 19-10-29 De\ eloped Bartonella muus ancemia Recovered 
Mated on 13-5-30 Gave biith to six young on 7-6-30 Killed and ate 4 of them the same 
day The heart and tail blood of the remaining two was examined for Bartonella which 
was present m profusion in both (i e , 24 houis after birth) 

Mated to another healthy male on 11-6-30 Gaie biith to 4 young on 6-7-30 All 4 were 
killed on 7-7-30 and the heart blood examined for Baitonella with positne results 

Mated to a fresh male on 7-7-30 Died of piofound anamiia on 29-7-30 Was not 
pregnant at the time of death Post-mortem appearances weie characteristic of Bartonella 
muns ancemia 

No S F Splenectomized on 19-10-29 Developed Bartonella wuns aniemia Recovered 
Mated on 13-5-30 Gave birth to one young on S-6-30 Heart blood of the young rat was 
found to contain Bartonella 72 hours after birth though in lelatively small numbers 

Mated again on 11-6-30 Gave birth to a litter of 7 on 7-7-30 All young were lemoved 
and killed within 12 hours of their birth The heart blood of all showed Baitonella 

Re-mated on 7-7-30 Gave biith to a litter of 3 on 31-7-30 Heart blood of all 3 young 
was positive for Bartonella 

Agam mated on 31-7-30, the male not having been removed from the cage during her 
pregnancy Gave birth to a litter of 6 on 28-8-30 The heart blood of all 6 young containe 

*This was done m connection with the investigations on The Anaemias of Pregnancy 
which were at that time being conducted by Dis Wills and Mehta in these laboratories 

(Wills, 1930) ) 

t Some were treated in various ways (with liver extract, spleen and vitamin A concen ra 
with the object of preventing the development of the anaemia (Wills, 1930) 
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Bartonella, the organisms being plentiful 24 hours after birth, less so when the rata were 
two to three days old, and found only sparingly on the sixth day of life 

No C 64 Splenectomized on 19-10-29 Developed Barlonella muris anemia Re- 
covered Mated on 13-5-30 No young were born by the 7-7-30 when the male was changed 
Gave birth to a litter of 5 on 26-7-30 Heart blood of all 5 contained Bartonella within 
12 hours of birth 

Re-mated on 26-7-30, the male having been left in her cage Four young were bom on 

19- S-30 Two died shortly after birth The heart blood of the remaining two was examined 
on the third day of life Bartonella in small numbers ivere present m both 

No C 72 Splenectomized on 19-10-29 Developed Barlonella muris anaimia Re- 
covered Mated on 13-7-30 Gave birth to one young on S-6-30, which was killed 3 days 
after birth, heart blood contained relatively few Bartonella 

Re-mated on 11-6-30 No young born up to 7-7-30, when the male was changed Gave 
birth to 3 joung on 21-7-30 Young removed within 24 hours of birth Heart blood of all 
3 contained Bartonella m abundance Male kept in cage A third litter of 6 was born on 

20- 8-30 All were removed within 96 hours of birth Heart blood contained Bartonella 
m all, plentiful at 24 ttf 36 hours, dimimshing m numbers to 144 hours when disappeared 

No TV 29 Splenectomized on 19-10-29 Developed Barlonella mans anoemia Re- 
covered Mated on 13-5-30 No voiing born up to 7-7-30, when a fresh male was introduced 
Gave birth to first litter of 5 on 5-8-30 All removed and heart blood examined withm 
48 hours of birth Bartonella present m all 

Three inteiestmg facts emerge from these observations (1) Piegnancy is 
apt to induce a relapse of Bartonella muns antemia in splenectomized albino rats 
that have recovered from it following the removal of the spleen (2) The heart 
blood of the one to four-day-old suckhng young of splenectomized females 
invariably contained Bartonella muns, though the motheis themselves may 
not have exhibited symptoms of anaemia which were recognizable clinically; 
the organisms were most plentiful 24 to 36 hours after birth, thereafter dimi- 
nishing in numbers until after the seventh day of life they weie no longer found 
(3) Bartonella muns may be found m the young of splenectomized mothers 
within 12 houis of their birth 

In view of the finding of Perla and Mormorston-Gottesman referred to 
above, that ‘ during the suckling period the rat is not a carrier of the virus,’ 
the heart and tail blood of 23 one to fom-day-old rats — the offspring of well- 
fed and hygiemcally caged stock animals — ^were examined for this organism 
It was found m 5 but not in the remaining 18 So far then as the stock albino 
rats of these laboratories are concerned we do sometimes (22 per cent) find 
Bartonella muns m one to four-day-old rats We may add, howevei, that we 
have so far failed to find the oiganism after the fourth day of life, and we have 
the impression— though not desiring to insist upon it— that the infection, jn 
the very young offspring of well-fed and hygiemcally caged, non-splenecto- 
mized lats, is less heavy than m the young of splenectomized animals 

^ It so happened that a large experiment, designed to ascertain the effect 
of ‘ dirt ’ on well-fed albino rats, was at this time m progress These animals 
were crowded together in wooden-floored cages, of narrow limits, which were 
never cleaned One female developed Bartonella muns ansemia and died from 
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it aftci liMiig imdci these eonditioiib foi two months This was the only case* 
amongst the ISO animals included m the expeument A numbei of htteis weie 
bom in these cages and we examined the heait and tail blood of 23 one to 
foui-day-old animals Bmtonclla nnnii> was picsent in 10 and absent in 13 
It wmuld thus appeal that conditions ol ovei-tiowdmg and diit aie favouiable 
to infection bj Baitonella even m well-fed animals This is no doubt due, 
in consideiable measuic, to the multiplication of the lat-lousc — the x^ectoi of 
the xuius — which occuis m these ciicum-'tances, involving, peihaps, a mass 
dosage of the mi us It is within the bounds of possibility that the enlaigement 
of the spleen, which we (IMcCanison and Newcomb, 1930) haie noted in 
lats living in duty cages, maj be a piotectivc leaction against this infection 

An inteiestmg obseivation made m veiy joung lats boin of w'ell-fed, non- 
splenectomized paients living in clean cages was that while one or more 
membeis of a littei showed Bmtonella minis m the blood the otheis did not 
This IS in sinking contiast to the lesults obseived in the new^-boin young of 
splenectomized motheis, m these Baitonella muns was invaiiably piesent in 
the heait blood of each membei of the littei 

Summary 

1 Rats that have lecoveieci fiom Baitonella muns ancemia, followung 
splenectomy, may develop the disease again at a latei date and succumb to it 
although duimg the inteivening peiiod they have been wmll-fed, hygienically 
caged and isolated fiom contact wuth othei animals Relapse occuiied in 112 
pel cent of oui spleenless animals 

2 Pregnancy is apt to induce anothei attack of Baitonella muns ancemia 
in lats that had previously suffeied, and lecoveied, fiom it following splenec- 
tomy 

3 The one to foui -day-old offspiing of splenectomized motheis invariably 
showed Baitonella muns in the heait blood The oigamsm was found m the 
blood as eaily as 12 houis aftei biith 

4 The blood of suckling lats, bom of non-splenectomized mothers and 
aged between 1 and 4 days, is not invaiiably fiee fiom Baitonella muns even 
though the paients be well-fed and hygienically caged One membei of a litter 
may be infected, anothei not The oigamsm was not found in these sucklings 
ovei foul days old 

5 Ovei-ciow'dmg and diit are favourable to Baitonella nvuiis infection 
even in well-fed animals 


*It must here be added that about the time this case occuried the animals were no 
receiving their usual abundant supply of cariots owing to a temporary shortage of t e 
vegetable Amongst rats m colonies theie are always some who do not get their ai 
share of the ration® 
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OSTEOMALACIA (LATE EICKETS) STUDIES 

Part V 


OSTEOMALACIA IN THE KANGRA DISTRICT 

BY 

DAGMAR CUR JEL WILSON, MD (Glas), dph (Camb), wars {Eetd), 
In Charge, Osteomalacia Inquiry, Indian Research Fund Association 

[Received for publication, August 23, 1930 ] 

In a previous communication cases of late rickets and osteomalacia have 
been described among both sexes in India, comparable to the post-war ‘ Hunger 
osteomalacia ’ in Central Europe These cases were seen during a visit to the 
Kangra valley where the disease is known locally as ' chin]) oi ’ denoting a 
joining together of bone Observations on 83 patients showed that not only 
IS the vitamm-content of their diet insufficient, but the calcium, phosphorus 
and all other constituents are also qualitatively deficient (Wilson, 1929, Wilson 
and Patel, 1930, Wilson and Surie, 1930a and 1930f)) 

The mission hospitals at Palampur and Kangra recorded the frequency 
of the condition among their patients, who were found at different age periods 
to show the various signs of early rickets, late rickets and of osteomalacia 
respectively It was decided to carry out a more detailed survey in this 
district and the records of this undertaking are embodied in the present paper 
The Kang) a valley — ^The district of Kangra which includes besides Kangra 
proper, Kulu, Lahul and Spiti, with the neighbouring Simla Hill States form the 
south-eastern part of the Punjab Himalayan tract Kangra proper is one of the 
most densely populated districts in the Punjab in propoition to its cultivated 
area, it is more agricultural and more essentially Hindu than any equal tract 
of countiy The average elevation of cultivation and habitation is rather less 
than 3,000 feet Poi half the year the climate is warm and moist, the rainfall 
being not less than 100 inches per annum The soil shows a deficiency in lime, 
phosphorus and magnesia (Lander et al , 1929) In many parts cultivation is 
difficult as the land has to be cleared of stones and needs terracing Domestic 
animals are generally badly nourished and the inhabitants of poor physique 

{ 951 ) 
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It appeals that not onij is t(ie inculeiKo ot guuing animals too intense but 
the density of the human population is alao excessive (Repoit of the Consei- 
vatoi of Foiests, Eastcin Ciicle, Punjab, 1930) Of the total 2,544 square 
miles in Kangia much is uninhabited mouiitainoua countiy, only 769 scjuaie 
miles aie cultivated, so that the picaaiiie on the cultivated aiea la 837 persons 
to the square mile It is evident tliat the population throughout the tract has 
leached a hunt which already exceeds the capacity of the countr> to support 
The maiiiage of young girls is fieciuent Statistics shov that at the age 
period 10-14 one m every three girls is maiiied,'* while at the age period 5-9 
the figures are one m tvelve {Punjab DisUict Gazetted b, VII, Part A, Kangia 
District, 1924-25) The new Kangia sajing ‘ Es 100 foi every year of the 
biide’s age’ merely exaggerates an undoubted fact that the biide’s value 
increases with hei age (Dai ling, 1930) 

Incidence of osteomalacia — It is difficult to state the incidence of iickets 
m its various forms, early iickets, late iickets and osteomalacia, m a district 
wheie xnllages aie scattered, means of communication very difficult and medical 
relief laiely obtained Dispensary i etui ns show that eaily cases aie not 
diagnosed, help is onty obtained at childbirth m very difficult labour cases and 
often not then One village when visited reported that 5 osteomalacic women 
had died in childbirth dm mg the previous six months, fortunately a sixth case 
was persuaded to come to a mission hospital for Cmsaiean section At 
Palampur Mission Hospital where an outlook is kept for the disease and cod- 
hvei oil freely given, 177 women and children came for treatment from 39 
different villages and hamlets, the majority from within a ladius of ten miles, 
but some from an area eighteen miles distant, during the first six months of 
the year (1930) Cases of osteomalacia have been reported by the mission 
doctors when on tom m all parts of the Kangia valley as well as m Kulu and 
m Mandi State Since the Kangia distiict lies m the Himalayan tract it is to 
be expected that goitre will be prevalent About a quarter to one-third of the 
patrents attending the Palampur Mission Dispensary show evidences of goitie, 
but the condition does not appear more frequently among osteomalacic than 
ordinary patient, nor does improvement m osteomalacia following treatment 
coincide with any decrease m the goitre Judging from the many cases of 
osteomalacia studied m othei areas in the Punjab where goitie is laiely seen, 
goitie cannot be considered a factor m the mtiology of osteomalacia 

Swvey of Launa — The area chosen for individual inquiry was Launa 
village adjacent to Palampur (N latitude 32 7°, E longitude 76 35°, feet above 
sea-level 4,300), m the northern part of the district, lying at the foot of the 
mam range of the outer Himalayas, the Dhaula Dai, which heie attain an 
altitude of ovei 15,000 feet At Launa the lower hills dissolve in the valley 
m gentle gi ass-covered slopes 


* Personal observation would suggest foui m five as more correct 
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Two crops jeaily aie obtained, chiefly iice, maize and wheat, fla\ also is 
glow a in M inter Thcie aie nuincious tea gaidens in the distiict Inquiries 
show the cxtiaoidinaiily small amount of vegetables oi fruit giown* A 
leason gnen foi this, in a country wdieic such cultivation would be easy, is 
the lingeiing influence of the old Rajput tradition in the Kangia distiict 
Rajput waiuoi clans who weie the luling lace had a piejudice against agiieul- 
tme, and did not utilize vegetables the lowei classes have unconsciously 
followed tins tiadition in then diet Also ceitain oithodox Hindus consider 
such vegetables as onions and caiiots unclean As showung the stiength of 
this habit, it 13 notew^oithv that 17 patients fioni the Kangra district met with 
at osteomalacia clinics at Lahoie and Simla, although living in towns where 
vegetables were cheap and fiuit inexpensive, W'eie found to maintain the 
same limited dietarv as in Kangia 

The 38 homesteads which coinpiise Launa village aie scattered over the 
grassy knolls of the hill-side, some distance behind them are higher hills wdiich 
form a semi-cncle limiting the head of the valley — above this aie toweiy 
snowj peaks, in front the valley slopes down gently towards Palampm 
Round Launa are few' tiees and the wdiole village is freely exposed to sunlight 
The piimitive houses, composed of mud-buck wuth stone foundations and 
wooden rafters, aie of double oi single storey, animals and their owners live 
in close association There is usually a small courtyaid, and also a small piece 
of land among the neighbouring fields belonging to the family 

As previously recoided, in those cities of the Punjab where osteomalacia 
IS prevalent, a consistent lack of vitamin D, either due to want of sunlight or 
to an unbalanced diet, was found to be the piedominant factor in the letiology, 
confirming the expei mental findings m other paits of the woild Greater 
severity of the disease among Mohammedan women observing puidah was also 
noted (Wilson and Patel, 1930) In Launa village all the inhabitants live 
freely in the open air, being accustomed to sit outside their houses when their 
hours of work in the open field are completed Sunshine is plentiful for eight 
months in the year, in the remaining fom months aie rams and mist, and 
dm mg this peiiod patients state that their pains aie woise The men have 
usually lived in I.auna village all then lives, but their wives may have come 
from some neighbouiing village 

The 38 village families fall into thiee gioups, Chumars, Zemindars and 
Gurkhas The aveiage numbei pei household vanes horn 1 to 8 The 


* Palampur tahsil, total population, 131.000 
Crops m acres 

Summer Wmter 


Hice 

34,000 Wheat 

34,000 

Maize 

18,000 

Tea 

8,500 


Vegetables 

200 

200 
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condition on oxainination ua^ cla^'^ificd iiccoiding to the dcgice of severity 
(+, d — h, d — I — |-) Tlicsc headings aie coiniiaiable to tho-jc uacd in examina- 
tion of osteomalacia jiatients in othei distiiets of tlie Punjab (Wilson and 
Siiiie, 1930o) The visible defoiinities noted weie epiphyses, bossing, stunted 
giovth, defoimity of pehic oi othei bones, gait Inquiiy uas made legardmg 
sites and degiees of se\oiity of jiain 

I Chumais — ^Tlie lowest social class m the village, occupation coolies, 
le, field labouicis Each family has a \eiy little land of then own but the 
men wmik chieflj* m othei people’s fields, getting jiaid b> a shaie in the pioduce 
The w^omen and childien w’oik in the neiglibouiing tea fields all the yeai lound 
The men occasionally maj, make a little e\tia income by follownng their 
heieditaiy ciaft m shoe-leathci woik Childien icceivc no schooling except at 
a mission night school The eainings being often in kind aie difficult to esti- 
mate, one family of six mcmbeis, and anothei of foui, state they made Rs 12 
pel mensem by field wmik 

Daily diet — IMilk, none oi occasionally, oi when the cow is not dry 
(The small ill-nouiished animals give veiy little milk ) Eggs, ml Fresh 
fiuit and gieens, nil Atta, amounts vaiy from 8 oz to 11 lb per head 
(The wdieat is hand-giound ) Dal, about 2 oz daily Rice, 8 oz to 2 lb 
pel head Cooked vegetables, once wmekly, oi sometimes, oi occasionally in 
spring and summei Meat, a veiy little once a w^eek, oi once oi twice a 
month Ghee oi oil,"'* about d to d ounce daily pei head It was noted that 
childien occasionally aie m the habit of eating eaith, lime oi chaicoal 

Incidence of symptoms — Twenty-foui households consist of 111 mem- 
bers, of these 109 members weie examined, 40 males and 43 females show'ed 
symptoms 

II Zemindai class — Chiefly Hindu Khatiis, but including zemindars who 
are respectively Rajput, Mohammedan (converted Hindu), and a Batwal (low 
caste) Hindu They usually work on then owm land but may have some quite 
distinct, fairly well-paid, trade, such as carpentry Some of the boys have 
gone to High School 

Daily diet — ^Milk, sometimes Eggs, ml Fresh fruit and gieens, nil 
Atta, 1 lb to U lb per head Dal, 2 oz per head Rice, 1 to 2 lb per head 
Cooked vegetables, several times a week Meat, once or twice a month Ghee 
and oil, 2 to 4 oz daily per head 

Incidence of symptoms — Ten households, with 51 members, 47 weie 
examined, of these 8 males and 8 females show^ed symptoms 

III Guikhas — ^Families have regimental pensions and have bought land 

Daily diet — Milk, 2 to 8 oz daily per head Eggs, ml Fresh fruit 

and gieens, occasionally Atta, 4 oz to lb per head Dal, 1 to 2 oz per 
head Cooked vegetables, once or twice daily this class can afford to buy 


*The oil IS fiom mustaid oi flax seed 
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imported bazmi vegetables Meat, once oi twice weekly or oftener Ghee, 
to 1 oz daily, e\tra oil is used in cooking 

Incidence of symptoms — Foui households with 13 members, 7 males 
and 6 females, none showed symptoms 


Table 

Bidets and osteomalacia among inhabitants of Launa village Relation of 
caste, age and sex to seventy of clinical symptoms 



Treatment — ^IVomen and girls with pains and deformity were asked to 
attend a special centie at the Palampur Mission Hotpital daily for a course of 
treatment of thiee weeks duration It was not easy foi women woikers to 
come regulaily and their attendance was irregular Three forms of treatment 
were started “ 

1 Fiuit + vitamm D 

2 Fiuit + milk 20 oz 

3 Fiuit + milk 16 oz -f" vitamin D 

Milk, owing to diseases prevalent in the neighbourhood, was given boiled 
Fimt consisted of two large oranges or them equivalent in some other form. 
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eg, mango, melon, etc Vitamin D was given in the foim of niadiated 
eigosteiol, 1 e , Ostelm oi Vigantol “ 

Results — Patients on diets 1 and 3 showed impiovcment, diet 3 appealing 
the most satisfactoi} It was thought tliat oa-cs on diet 2 sliowed some im- 
piovmment, but the women themsel\e'> weie discontented, since their pains did 
not cleai up as ciuickly as those of then companions on the othei diets 

A second coui'jc of tieatmcnt, diet 3 foi thicc weeks, was given to those 
who could come It was noted that the addition of some foim of vitamin C, 
such as flint oi fiesh gicens, to the diet of an osteomalacic patient appears 
clmicallv to hasten impiovemcnt fWihon and Suiie, 1930t), while the addition 
of vutainm A fmilk) leads to impiovement m the nouiishment of the patient 
Nine patients who attended legulailv daily foi si\ weeks, on examination at 
the end of that peiiod, weie found to be entiiely oi v'ciy neaily fiee fiom pain 
Alusculai spasms weie also much leliev'cd so that defoimity w'as lessened, and 
patients weie enabled to move about inoie fieely f 

Theie was a maiked impiovement in the gencial nouiishment of the 
patients, some wminen foimeilv thin now looking quite plump It wxas estimated 
at ciuient Palampiu lates, foi a patient to keep lieiself on the level of diet 
3 foi a month, the cost of living would be Rs 17 to Rs 18 pei head 

Conclusions — The Table show's the incidence and sev'eiity of symptoms 
found at the diffeient age peiiods, eaih iickets, late iickets and osteomalacia, 
among Chumais, Zemmdais and Guikhas lespectively Ev'eiy household at 
Laima village obtained a veiy fan amount of sunlight, and the symptoms 
appealed to be due to the fact that the diet, as showm by the analysis pievnoiisly 
giv'en, could not contain any appieciable amount of the piecuisei of vitamin D 
foi the sunlight to act upon 

The gieatest incidence of the disease occiiis among the Chumais 
whose diet shows quantitatively and qualitatively deficiency, with a 
possible excess ceieal factoi m addition Among them the disease occurs 
thioughout all age periods, showing the stiain of adult woiking life on both 
sexes, with inci eased seventy among the women m connection with childbiith 
and prolonged lactation Out of 24 households only 2 escaped without 
symptoms, a study of these is significant, one household consisted of two 
membeis only, the othei of three membeis had an additional source of income 
in that the husband had been taught caipentiy by the mission 


* Cod-liver oil was not used in this expeiiment since some Hindu patients object to 
animal oil, and m others the digestion tends to be upset Hospital patients, however, who 
durmg the same peiiod were treated wuth cheap (i e , not too lefined) cod-liver oil showed 
quite satisfactoiy, though slower, improvement 

t One husband joyfully announced that his wite, who had been unable to walk about, 
could now do her household work and cairy up the family water supply fiom a spring some 
distance aw'ay \ 
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There is a niiiked deciease in incidence and m seventy of symptoms 
among the zeramdai class Then moie favomable economic condition 
nas shown by the addition to then diet of milk sometimes, cooked vege- 
tables seveial times weekly, and faiily adequate amounts of animal and vege- 
table fat (ghee and oil) 

Guikhas lumg undei faiouiable economic conditions showed no symptoms 
They had an adequate amount of milk, cooked vegetables and fats in then 
diet Except in the oa^e of the last gioiip who bought imported vegetables, 
and occasionalh fiuit, all ai tides of diet w’eie obtained locally 

The lesult^ of treatment show the gieat improvement m symptoms which 
follow the addition of iitamin D to the diet of those suffering from pain and 
defoimitv 

Pi eventwe measw es — This disease among the poorer classes in the Kangra 
district IS so intimately bound up with economic conditions that apparently 
it could onty be stamped out by far-reaching measuies against ovei -population, 
such as adult instead of eailj maiiiage 

Suggestions foi im-giovement — (I) Encouiagement of vegetable cultivation 
round homesteads bi the Agiicultuial Department, Punjab, with provision of 
suitable «eeds, eg, cabbage, cauhflow'er, spinach, biinjals, tuimps, soya bean, 
etc 

(2) Better diagnosis at hospitals and dispensaiies so that patients may 
be encouiaged to come earhei foi treatment, and foi the lowest classes the 
free provision of some substance containing vitamin D * 

(3) Propaganda Women belonging to such classes as can afford to 
impiove their household dietary, should be taught how to do this, their 
husbands, if literate, can be supplied with suitable pamphlets of instruction 
(This IS already done at the Palampur Mission Hospital with encouraging 
lesults ) 

Probably the most useful propaganda is through the younger generation 
Many Hindu boys attend school, and now gradually little girls are being 
sent to school also Mi«s Balderston of the Canadian Mission has written a 
very simple but entertaining little drama in the vernacular on the subject of 
osteomalacia prevention, which has been successfully acted on various occasions 
by the school giils at Palampur This little drama has been printed in Hindi 
b\ the Rural Community Board, Punjab, and through the kindness of the 
Deputy Directress of Public Instruction, Punjab, has been distributed, to be 
read in all the girls’ schools m the Kangra valley 

Summary— 1 Rickets m its various stages, early rickets, late rickets, 
and osteomalacia, is very clearly associated with great pressure on the avail- 
able means of subsistence in the Kangra district 

2 Suggestions are put forward for the prevention of this disease 

♦Suitable cod-hver oil can be delivered m Kangra at a cost of Rs 7-4 per gallon 
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Part VI 

FACTORS IN TREATMENT 

BY 

DAGMAR CURJEL WILSON, mb (Gks), dph (Camb), wms {Retd), 
In Charge, Osteomalacia Inquiry, Indian Research Fund Association, 

AND 

W K COOMBES, MBCP (Eng), drop (Lond), 

In Chaige, X-Ray Department, Mayo Hospital, Lahore 

[Recened for publication, September 16, 1930] 


Observations during the treatment of 267 cases at the osteomalacia clinics 
at Lahoie, Amritsar and Simla showed that the best results were obtained when 
(a) vitamin D (some foim of irradiated ergosterol such as Ostelm or Yigantol, 
01 a cod-hver oil which contained that vitamin) was combined with (b) the 
daily use of milk (not less than 8 ounces) , i e , vitamin A, fats and salts, 
(c) jresh jruit or greens, le , vitamin C, (d) sunlight (sitting or lying out of 
doors with as much direct exposure as possible for not less than two hours), 
1 e , stimulation of vitamin D production in the skin, and (e) massage (using 
some bland oil as lubricant), le, circulatoiy stimulation The diet of these 
patients was shown to be unbalanced, but usually contained an adequate 
amount of vitamin B, an excess cereal factor might be present (Wilson and 
Surie, 1930a) It was noted that aftei commencement of treatment there may 
be a refractory period up to about thiee weeks, and when clinical improvement 
occurs it IS found to be associated with a change in the blood picture (Wilson 
and Patel, 1930) During the course of these studies experiments have been 
made with the use of Indian fish oils and also attempts to get irradiated sub- 
stances manufactured on a commercial scale in India — ^but so far unsuccess- 
fully. 


( 959 ) 
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Tlic picseut investigation wa'i nndeitakcn to catmiatc the value of the 
vaiious factois in the ‘combined ticatmcnt’ uhich unfoitunately has the dis- 
adeantage of being lelatneh expensive The chief object was, if possible, to 
dcteimine some foim of lelief within the means of pooiei patients 

Methods — Dining the peiiod of thi'. inqiinj’’ 107 women, giils and children 
of xaiious laces, Hindu, iMahommcdan and Sikh, sufteiing tiom iickets m its 
difioicnt foims, osteomalacia, late lukets and eailj iickets (Wilson, 1929), 
attended tlnee special clinics at Lahoie Two clinics wcie held m the city, the 
thud m a sepaiate aica containing the homes of mdiistual woikeis Obseiva- 
tions showed that the diets of these patients weie unbalanced and, in addition 
to then housing conditions, sunlight was often deficient These patients, w'hile 
continuing to live in then own homes, weic divided foi pin pose of tieatiuent 
into five gioups, and the losults wcic conti oiled by lepeated A'-i ay examinations 
Tieatment — Gioup I Diet — The daily addition of xitamms A and C, 

fats and salts j\Iilk'‘‘ 16 to 30 ounces, accoi cling to the amount the patient 
could digest, following Indian usage the milk was taken boiled Fiuit consisted 
of two laige flesh oiangcs giowm locally 

In 01 del to check lesults ceitain wmmen legulaily paitook of this diet undei 
obseivation 

Group II Sunlight — ^Two houis out in the sun daily wuth diiect exposuie 
of at least the affected paits A numbei of patients, w'ho weie offeied sun and 
privacy on the loof of a Welfare Centre, w'ere controlled by daily observation 
The difiiculty of obtaining facilities for exposure to sunlight by city women 
and those who observe purdah has been explained (Wilson and Suiie, 1930a) 
Observations on the intensity of the ultia-violet solar radiation made by 
various observers using Hill’s acetone-methylene-blue gauge in different Indian 
towns give leading in ‘units’ pei clay varying according to the season from 3 
to 12 These readings are for exposure in the open, in the small dark lOom 
which is the pooiei city- woman’s home the results of exposure are nil Many 
school children owing to over -crowded and unsuitable school buildings also 
suffer from lack of sunlight (Wilson and Suiie, 1930b) 

Group III Vitavnn D — ^This was given for convenience in the foim of 
Ostelm or Vigantol m 9 to 12 daily 

Group IV Diet -j- Sunlight — ^These were used under conditions similar to 
Gioups I and II 

Gi oup V Sunlight V itarmn D — ^These wei e used under conditions 

similar to Gioups 11 and HI 

To ensure regular clinic attendance by patients who demanded ‘ medicine, 
Pil Blaud one b d was given to each patient in Gioups I, II and IV The choice 

*This milk was the best available within leach of the patient In the city the cows were 
kept in or neai the vendor’s homes at night but sent far out for grazing by day, m 
industrial areas pasteurized milk was obtained from a Government dairy 
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of lion i\as cletci mined by the 'inieima which in some degree is piesent in most 
city cases 

Familial tendencies — ^Familial tendencies to osteomalacia, late iickets and 
early iickets have been pieviouslv recoided (Wilson and Sinie, 1930a) It is 
inteiestmg that in connection vith these 107 patients similai cases were noted 
in 39 family gioups and households by peisonal obseivation at the clinics, the 
actual incidence was piobably much highci One family group of Moham- 
medans observing puidah who lived in neighboming city homes, numbered 
among them 13 cases of rickets in its vaiious forms, including si\ advanced 
cases of osteomalacia 

Results of ti catment —Among the total 107 patients in this investigation 
66 attended the clinics for a period less than the three weeks which, as ex- 
plained previouslj, msing to a lefiactoiy period is the shortest interval for 
observation of treatment These included all the cases of early rickets as 
well as those cases of late rickets and osteomalacia who lived at a distance 
and only visited the clinics for advice The lemaimng 41 patients, women and 
gills, attended regularly for at least thiee weeks, and many were kept undei 
observation for 2 to 5 months, they were suffering fiom moderate oi severe 
late rickets and osteomalacia corresponding clinically to the classes -( — )- and 
-| — 1 — h previously described (Wilson and Suiie, 1930o) 

The X-iay appearances m osteomalacia have aheady been described 
(Wilson, 1929, Pilley, 1929) In the cases under observation, befoie starting 
treatment the X-iay picture showed bones mottled in appearance with a general 
loss of detail, the differentiation between cortex and medulla was less clear than 
normal, and the cortex of the bone was becoming thinned from within outwards 
Fractures were often piesent usually sub-peiiosteal and without much displace- 
ment The bones often showed longitudinal sti rations 

Clinical improvement in osteomalacia, evidenced by lessening of pain and 
muscular spasms, occurs before any change can be seen radiographically, but 
gradually as the disease is arrested the general outline of the bones on X-ray 
examination becomes more clearly defined, and the cortex is i econstituted, the 
new bone being usually denser than noimal, especially m the region of fiactuies 
Gioup I Diet — ^Ten patients, all put on weight, 7 of these, who were very 
poor and living under most unfavourable conditions, had no lessemng of pain or 
spasms, but after the three weeks of observation were completed, very rapidly 
improved on the addition of vitamin D The remaining three patients belonged 
socially to the middle class, living under much more favourable smioundings 
and m the habit of obtaining sunlight, their symptoms improved so much that 
it was unnecessary later to supplement treatment with vitamin D 

Group II Sunlight— Five patients, all wives of industrial workers on 
small wages having a very unbalanced diet, showed no obvious improvement 
when after three weeks treatment vitamin D was added, their symptoms cleared 
up slowly 
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Gioup III Vitamin D — ^Twelve cases impioved gradually under tieat- 
ment 

Gioup IV Diet + Sunlight — Seven cases impioved slowly under treat- 
ment 

Gioup V Sunlight -f- Vitamin D — Seven cases impioved undei treatment 
consideiably inoie lapidly than Gioup III 

Massage does not eftect any cine of itself, but many patients state it gives 
considerable tempoiaiy lelief, especially if earned out befoie lying down at night 
when the pain is usually most seveic 

Conclusion — ^The impoitance of an unbalanced diet m the aetiology of 
osteomalacia and late iickets is shown by these lesults Impiovement m diet 
only leads to impiovement in symptoms when sunlight is available (Gioup I), 
conveisely the piovision of sunlight foi cases on deficient diets is of little avail 
(Group II), this fact has also been confiimed by obsenations on osteomalacia 
in the Kangia distiict (Wilson, 1931) The lesults of Gioups III, IV and V 
show' that, in oidei to get moie lapid impiovement, it is advisable to combine 
the use of vitamin D wuth daily evposuie to sunlight and an impioved diet 
There is also much value in training patients in a bettei mode of life (Group V) 
Acknowledgments — ^To Di Lucy Wills, for useful criticism of methods, to 
Miss Raynoi and the staff of the Punjab Health School and Miss Veiabai Kohli 
and her social w'oikers of Naiimangal Sabha for much assistance in the super- 
vision of patients 
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Introduction ~lt is evident that an investigation of the incidence of a 
disease presupposes the correctness of the diagnosis Recently the clinical 
conception of rickets has undergone a radical change With the use of A-rays 
for early diagnosis and the estimation of the organic phosphorus of the blood, 
well-established clinical signs have been le-appraised on the basis of objective 
criteria, and it has become possible to compare in different countries rickets 
in its various forms, infantile rickets, late rickets and osteomalacia The 
geographical distribution of rickets, and the mcidence and relative severity of 
its various foims m different parts of the world is given by Hess (1930) The 
results of recent investigations in many lands show the importance in letiology 
of lack of sunshine, together with social and economic factors (Wilson and Surie, 
1930a) With the application of specific measures to prevent its development, 
the area of the distribution of the severer forms of rickets m cmhzed countries 
IS becoming more and more cucumscribed 

The percentages given for the proportion of rickets among children of school 
age m various countries and even in neighbouring parts of the same country 
vary considerably, obviously apart from different local conditions, much 
depends on a personal equation in the estimation of the lesser degrees of defor- 
mity (Kerr, 1926) There is, however, general agreement that infantile rickets 
IS more frequent m boys than guls, and that even a moderate degree of rickets 
IS often associated with a lack of vitality and resistance to disease whicli 
J. mb ( 963 ) ig 
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constitute^ one of the ino-i iinpoit ml dingers ot tlu" disordei Mentally, ■ 
laclutic school chddicn aie dull, and llU)^llJ below -^tandanl in their studies 
(Newsholme, 1022) It ii al-'O ietogni/u( that there h a kiiui oi plijsiological 
iiekctb unong tiuitkli giowing -ehool duldien which it taken m lime, is easilj 
eonipen-'ated b\ anti-i leliitu piotectue nifisuies (Oiton and Findley, 1926) 
Intcie''ting latt-' enieige lioni an e\wiiination in .^toiling ot o\er 5,000 
ehildien between the ages of b ind 11 \e.iiT among the negro population, i\lio 
in the United States aie peculiaily liable to iiikel-< \.t the age "ix to seien 
xeais twice as many boys as giiU diowed bony e\ulentes of iickets, but at 
the age of 11 the rc\eise iclation-liip was found, the signs ot rickets began 
to picdoininate in giils 10 to 11 ycais obi Also twue -is many cases of rickets 
occuiicd among giils in the age gioup oi 11 and o\ei, as in giils of the age 
gioup 6-7 ycais Siieli incieisc indicitcs the onset of late iickets among the 
gills (Steiliiig, 1928) 

Sex incidence and seventy of iickets among Indian child) en — Previous 
work in connection with this osteomalacia (late iickets) inciimy has shown that, 
m ceitain aicas wdicic picdisposing factois aie present in maikccl degree, the 
disease may be met wuth among both sexes and at all ages in both rural and 
uiban aieas Such cxticme conditions aic found among field woikers m the 
Kangia distuct (Wilson, 1931) Late iickets also occuis among adolescent boys 
at Sunagai in Kashmii, a city’- knowm foi the high incidence of osteomalacia 
among a laige section of the female population who, living amidst great poveity, 
m damp ovei-ciowded houses, aie subjected to the iigois of a severe w’lntei 
(Vaughan, 1926) We noted on v’lewmg 500 school chilchen (300 boys, 200 
gills) at Srinagar, that for chilchen unclei 10 yeais of age the signs of iickets 
weie moie maiked among boys, yet at the later age peiiod 10-17 yeais the 
disease wa'; much moie evident and active among giils, although many boys 
at this period showed maiked enlaigement of epiphyses at wnists and ankles 
and cuivmg of the lowei legs Among the giils theie wms a marked difference 
in the incidence and seventy of iickets found among the pupils of twm adjacent 
high schools in Srinagai city The improvement in the Mission High School 
was piobably associated with the holding of open- an classes, and the piovision 
of milk and cod-liver oil when requned, under the diiection of the school 
doctor 

An unusual incidence of rickets was met with by us among ceitain indus- 
trial woikeis or their families In Amritsar, adolescent boys, woiking m carpet 
factories imdei far from satisfactory conditions, showed bossing and marked 
'I'lucnt of epiphyses at wrists and ankles, combined with flat foot, bent legs, 
necs and deformities of tarsal bones associated wuth their cramped posi- 
01 king with feet pressed up against the looms In Bombay, a city w 
H apparently free from rickets (Hutchison and Patel, 1921), the 
visitmg different groups of childien was to show the presence of 
■>rked degree among the families of low grade industiial 
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Apart from such exceptions, usually m India late iickets and osteomalacia 
exert then eftects, dcfoimity and pain, on women and gals in cases where 
insufiBcient sunlight is associated with an unbalanced diet, although infantile 
iickets raaj' be obseived among both sexes Among 158 cases under 17 years 
of age, obser^ed at special clinics in Lahoie, Amiitsar and Simla, only 18 weic 
boys 

During an investigation at Simla (AVilson and Suiie, 1930&) on the inci- 
dence of dental caries among 103 lachitic school giils (44 of whom were under 
10 years of age, and 59 between the ages of 10 and 17 years), causative factors 
of rickets (■want of sunlight owing to home customs and to ovei -crowded un- 
suitable school buildings, togethei with an unbalanced diet), w’^ere foimd among 
girls of e\erj social class The satisfactory development of giil prisoners, 
attending school in the Lahore women’s jail, ma}^ be asciibed to then balanced 
diet, and adequate piovision of sunlight 

The value of a carefully planned, even if simple and cheap, diet, if com- 
bined "wath plenty of sunlight, w'as demonstrated among the children of a mission 
industrial school m a village neai Lahore, only 19 out of 185 girls showing 
slight signs of rickets 

Observations in Lahore city schools — In -view of the gieat demand for 
female education in Punjab cities and the consequent danger of over-crowding, 
observations -w'ere made legaiding the incidence of iickets among girls during 


Table I 
Results 


Schools 

5-10 TEIRS 

10-17 

TEAHS 

Girls 

evamined 

Cases of 
rickets 

Girls 

e\amined 

Cases of 
rickets 

Class I — 1 





Mohammedan Middle 

179 

143 

48 

37 

Government High 

1 

330 

126 

226 

116 

Class 11 — 





Mohammedan Middle 

117 

61 

1 57 

27 

Hindu Middle 

177 

27 

64 

20 

Class III — 





Mission High 

205 

32 

79 

18 

Tot\l 

1,008 

3S9 

474 

mt 
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school life in a city, Lahore, whcie clinically late ricketb and osteomalacia are 
fieqnently seen 

Methods — ^Thc schools weic divided into three classes 

1 Inside the city walls, in very congested areas 

2 E\tia-muial, in less ciow'ded neighbourhoods 

3 Situated in ample grounds 

The ages of the girls examined varied from 4 to 19 years The majority 
of gills were undci 13, since after the 7th class wastage due to marriage is 
considerable 

The defoumties chosen as indicative of rickets w'ere bossing, enlarged 
epiph3'ses at wu'ists and ankles, knock-knee, curving of the lower legs, and 
associated iiiegulaiity of dentition Examination wxas easy because of the 
inteiest aioused in both teachers and pupils, since to both the ciipplmg effects 
of late iickets and osteomalacia weie well known 

Home conditions — In eveiy class inquiries were made regarding diet, re- 
el eation, lest and sleep 


T.\blb n 

Racial distribution of rickets 


Class I Government High School 

Numbei of girls 

Cases of rickets 

Hindu 

354 

159 

Mohammedan (observing purdah) 

202 

I 1 

S3 


Discussion — ^The highest incidence of rickets is found among the girls 
attending class I intra-mmal city schools, with then homes in adjacent areas 
The most severe iickets is amongst the lower -middle class Mohammedan girls 
going to a school held in an ancient adapted building with very ovei -crowded 
stuffy rooms, which weie also darkened m order to ensiue privacy and purdah 
Heie in one class of girls 5-10 years old, out of 55 chiklien 33 had rickets, 
while the teacher was suffering from osteomalacia There was much rickets 
among the girls in a popular over-crowded high school, especially m the 10-17 
year age period Table II shows no marked difference in the racial distribu- 
tion of rickets m this school where Hindu girls reading Hindi, and Moham- 
medan gills reading Urdu, worked side by side It was noted that three Hindu 
school gills, who were sisters, all had rickets 

As already stated (Wilson and Surie, 1930a) in a crowded city, Hindus 
who ■'do not keep purdah may suffer as do purdah-observing Mohammedans, 
from want of sunlight 
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But the difference m incidence of rickets among Hindu and Mohammedan 
guls in the class II e\tia-mmal schools shows that in less ciowded neighbour- 
hoods the evil eflects of the deprivation of sunlight by purdah customs become 
moie evident The Hindu school was veiy ciowded and the looms dark, but 
the classes were able to oveiflow on an adjacent open space The Mohammedan 
school building was not ciowded, was any and very clean, but there was very 
httle sunlight owing to the necessity foi puidah 

Children need material for construction of new tissues, and then diet 
should be considered from the point of view of adequacy to support optimum 
gioath In both classes of schools more use might have been made of modern 
knowledge of dietetics in advising children m the need of the regular intake of 
mqh and fresh fiuits, which m many cases the parents could have well afforded 
The need for properly carried out medical inspection of school girls is obvious 
Whenever there is over-ciowdmg bad attitudes are adopted during school hours, 
and it IS obvious that rachitic childien suffer most from ill-fittmg school furni- 
ture 

A low incidence of rickets was found in the class III school, held m a 
large well-ventilated building with free access to simlight, situated in extensive 
grounds, where great caie was taken in hmiting the numbei of pupils to prevent 
ovei-ciowdmg in classes The day pupils though largely Christian mcluded 
many well-to-do Hmdu and Mohammedan guls, and the small amount of 
rickets found was fauly equally distributed m the three groups Familial 
incidence among the pupils was noted m several cases The unfavourable effect 
of home influence was shown by the occiurence of cases of rickets among a 
group of boarders, who while at school leceived an admuably balanced diet, 
and much sunlight 

As regards the effects of higher education, among the total 1,482 school 
guls examined, 22 guls were workmg for matriculation, of these 11 guls (6 out 
of 8 guls in class I, and 5 out of 13 in class III) had rickets On enquuy some 
of these guls admitted to domg long hours of homework and obtaimng but httle 
rest and sleep 

Conclusions — 1 The sex mcidence and severity of rickets among Indian 
childien is discussed, and the existence of late rickets among boys in certain 
areas and in certain industries, wheie the predisposing factors are present in a 
marked degree, is noted 

2 In an area (Lahore city) where late rickets and osteomalacia among 
guls and women bring about deformities especially of the lower extremities and 
of the bony pelvis which have serious consequences at childbirth, a high inci- 
dence of rickets, 607 cases, were found on exammation among 1,482 school girls 

3 The association of rickets with unfavourable health considerations m 
schools IS shown Suggestions for impiovement are put forward, based on what 
IS already being successfully carried out m certain Indian schools 
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Biochemistey has amplified the views of pathologists as to the pathogenesis 
of infantile rickets, late rickets and osteomalacia, and then: identity Studies 
of blood chemistry m children with rickets show that the essential abnormality 
IS a low inorganic phosphoious content The seium calcium is usually normal 
but m a small proportion of cases it is reduced, and m such cases tetany 
(spasmophilia) may occur (Hunter, 1930) The blood chemistiy of osteo- 
malacia has been studied m China by Miles and Feng (1925) In then cases 
osteomalacia was found to resemble ‘ low calcium ' rickets, and the frequency 
of tetany was noted, there was a considerable diminution of the serum calcium 
to 5 0 to 7 4 mg pei 100 c c , the diffusible calcium varied m its behaviour 
The plasma phosphorus varied from 1 8 to 3 8 mg per 100 c c 

It may happen that a low seium calcium is encountered m cases which do 
not show any active or latent tetany The explanation offeied for this apparent 
anomaly is that any process which tends to produce an acidosis increases the 
ionization of calcium, so that although the calcium value may be low, the 
ionized fraction is within normal hmits (Davies, 1930) Among those suffei- 
ing from the post-war hunger osteomalacia m Central Em ope were many 
elderly patients of either sex who complained of cramp m feet, legs or foiearips, 
and tetany was not infrequent, adolescents of the age period 14r-20 years also 
suffered (Dalyell and Chick, 1921) 

Hess (1930) has collected facts regardmg the world distribution of rickets, 
osteomalacia and tetany Various observeis durmg the past fifty years state 
that these conditions aie especially prevalent m Vienna, and that cases there are 
more severe than m the large cities of Germany, it is suggested that the wretched 
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housing conditions in Vienna me piobably important factois in causation As 
legal ds the se\ incidence ot tetany, it is noted that tetany in adults, as m 
infants, occuis fai moie often in males than females, and has a seasonal inci- 
dence in wintei and spiing 

Adult spasmophilia in India — ^The occuiience of tetany among women and 
gills suffeiing fiom osteomalacia and late iickcts in India has been lecorded by 
vaiious obseiveis (Scott, 1916, Stapleton, 1915, and Hutchison and Stapleton, 
1924) In the piesent conunuiiitation adult tetany in connection with 
these conditions among men and boys is dcaciibcd, and the relationship is cori- 
sideied of the idiopathic tetany oi wai of Kiishmii, and the endemic tetany 
found in goitious distiict^ of the Himalayas mentioned by Castellam (1909), ' 
to the vaiious manifestations of iickets 

Methods — The incidence of tetany among cases of late iickets and osteo- 
malacia met with in connection with this osteomalacia (late iickets) inquiry has 
been noted, togethei with associated symptoms of pain and bony deformity The 
patients wmie under obseivation foi vaiious peiiods up to two years, then ages 
varied from 10 to 55 years 

Tetany during the coiuse of late iickets and osteomalacia may occur at 
any age, whenevei some e\tia strain is placed on the organism Though often 
associated with pregnancy or lactation, in many cases some other debilitating 
factor such as an inteicuiient illness, enteric fevei, etc, is stated to have 
preceded the onset of the spasmophilia In osteomalacia and late iickets tetany 
ceases, apait fiom tieatment, with subsidence of the acute condition, but 
exacerbations in the couise of chronic cases of consideiable duiation occur 
repeatedly, on the addition of some unfavouiable condition, eg, a subsequent 
pregnancy The association of muscular spasm with deformity in late rickets 
and osteomalacia has been mentioned (Wilson, 1929) Iriitabihty of the 
tendons on the doisum of the foot is fiequently seen in late, as in infantile, 
Iickets It was obseived dining the examination foi iickets of Indian childien 
of school age (Wilson, 1931b), and was often noted among 50 rachitic schoo 
girls ovei 10 yeais of age, examined at Simla during an inquny on the mcidence 
of dental caries (Wilson and Smie, 1930b), though typical tetany was present 
in only one giil aged 10 yeais Infantile tetany is rare in India, a possiD e 
explanation being the piolonged lactation and bieast feeding given by Indian 
mothers The children of osteomalacia mothers raiely show any clinical sign 
of rickets until near the end of the second year 

When tetany is piesent, the spasms vary much m frequency — occuriing 
daily, once oi twice a week, oi occasionally when startled, or with some 
such as attempting to cany a heavy weight Spasms are always worse in co 
or damp rainy weather The tetany may be eithei m hands oi feet alone, 
or carpopedal spasm may be present Slighter degiees of spasmophilia, cramps 
of varying seventy, numbness oi tingling, may occur m hands or feet alone 
or associated with tetany m anothei part, and Trousseau’s sign is easiy 
obtained Wheie caipopedal spasm is present, Chvostek’s sign may be ehcite 
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and the liyper-iintability of the facial nerve may be such that twitching of the 
entire side of the face or merely the muscles of the alie nasi and mouth or of 
the eye on the coi responding side, is complamed of by the patient 

In the histones of onset obtained fiom patients, occasionally tetany was 
stated to be the first symptom noted This is of special mteiest in view of 
certain cases kept under observation at the osteomalacia clinics, wheie at the 
fiist visit tetany was the only sign found on examination, though at sub- 
sequent \usits a yeai or moie later, slight tilting of the pelvis was detected 
and the bone pains of osteomalacia were present There is no doubt that in 
areas wheie late rickets and osteomalacia occur, such cases m then early 
stages aie labelled hysteiia, and appropriate treatment withheld 

Results — Cases of tetany recorded during the present inquu-y fall into 
thiee classes 

(1) Cases seen at osteomalacia clinics at Lahore, Amritsar and Simla 

(2) Cases among field workers in the Kangra district 

(3) Cases of wai, the so-called idiopathic tetany of Kashmir 


Table 


ClSES OF LATE 
OSTLOMALACU IN 
10 TEAKS 

RICKETS AND 
PATIENTS OVER 

OP AGE 

Tetant asso- 

CUTED WITH 

BONE PAINS AND 
DEFOBMITT 

Tetant asso- 

C31ATED WITH 

DEFOBMITT 

Tetant 


Male 

Female 

Male 

Female 

Male 

Female 

Male 1 

Female 

Class I — 




1 


! 



Lahore, Amrit- 
sar and Simla 


397 


191 


1 


1 

Class II — 




1 





Kangra district 

39 

96 

3 

47 

2 

2 


1 


The relative importance of sunlight and inadequate diet as setiological 
factors have already been stated (Wilson and Sune, 1930ffl), also the reasons 
why goitre cannot be considered a factor in the etiology of osteomalacia in the 
Kangia district explained (Wilson, 1931a) 

Certain obseivations on the blood chemistry of some Lahore patients m 
class I have been pubhshed (Hughes, Shrivastava and Sahai, 1929) Estima- 
tions of the serum calcium and morganic phosphorus were made on 11 un- 
treated cases of osteomalacia and on 18 cases who had been under treatment 
for varying periods Normal values for seium calcium were found in mild or 
early untreated cases, and also m treated cases which had attended the chnics 
foi a consideiable peiiod Certain acute cases showed low values for both 
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serum calcium and inoigamc pho-'phoni'- \ use in tlio seium calcium might 
precede clinical impiovcment, but the lattci was associated with a use m the 
inoiganic phosphoius Low calcium \alucs weic a^'Ociatcd with tetany At 
Bombay, m a sciics of 20 cases ol osteomalacia m jnegnant w'omcn, the clmical 
condition was shown to be clo-'cly lehited to tiie moiganit phosphorus level of 
the blood (Piivate communication, b) 

Class III — Thiough the kindness of ccitam doctois, cases of tetany called 
luai in Kashrau wcic selected foi examination Some ol tlie stigmata of past 
iickets, bossing and cnlaiged epiplusCs, oi the picscncc ot slight osteomalacia 
with a small amount of bone pain and tilting of the pehis, was noted in eveiy 
case obseived It has been shown piciioush that a“-sociated w'lth the fiequency 
of osteomalacia in Kashmn is a high incidence of rickets (of model ate severity, 
florid iickets in childien is uncommon) at .ill age periods (Wilson, 19316) 
TFai IS found fiecpiently m piegnant oi lactating women, but may occur among 
young gills, and in connection w'lth inensti nation, it is often preceded by 
diaiihcea Tetany may be veiy seveie, in addition to caipopedal spasm, spasms 
of the feet and intei costal muscles aie ficciuent, w'hile all paits oi the body may 
be affected The incidence is piobably liighei dining cold weathei, though fewei 
cases come out to hospital foi tieatment duiing the seveie wunter months The 
lacial incidence vanes in difteient aicas, wai occuis among Hindus as w’ell as 
among puidah-obseiving Alahommcdan women, among the well-to-do, as 
well as amongst the veiy pooi It is said veiy occasionally to be met with 
among men As noted by Vaughan legaidmg osteomalacia (Vaughan, 1926), laai 
IS laielymet into among the mangis, Mohammedan boat w'omen whoaie much 
m the open an and have a plentiful supply of gieens and vegetables Among 
wai patients the diets of both well-to-do and pool weie deficient, the pooi 
could not affoid milk and but laiely obtained fiiiit, gieens oi vegetables, foi 
cooking they used vegetable oils. It ! was not the custom among the bettei 
class of patients' to use milk, they laiely ate fiuit oi vegetables, but had a 
relatively laige amount of meat in their diet Both classes of patients used 
much hand-husked nice, but the lattei class also added some floui to their 
diet and used animal fat in the foim of ghee foi cooking The unfavourable 
housing conditions m Kashmn have alieady been desciibed (Wilson, 19316) 
As regal ds the condition of teeth, among the population generally theie is much 
pyorrhoea, and the teeth tend to diop out 

Goitie IS common in Kashmn, but no special incidence has been obseived 
among wai cases The total haidness of Simagai dunking water is 16 paits 
pel 100,000 (Piivate communication, a) 

Treatment — Among hospital cases favouiable results aie obtained fiom the 
use of cod-liver oil, alteied diet, and tonics The success following the use of 
magnesium sulphate, in doses of 2 diams daily for 2 oi 3 weeks is of inteiest 
in view of the intestinal intoxication theories in the causation of tetany (Hess, 
1930) It IS interesting to find that some hakims advise a fish diet and milk 
and ceitain fruits in the tieatment of wai 
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Discussion — ^It IS obvious, since tetany associated with late rickets and 
osteomalacia lias an age, se\ and seasonal incidence, that the numbei of cases 
of tetany seen must be influenced by these factors In the above results three 
f 01 ms of tetany aie noted (see Table) 

(1) Associated with bone pains and deformity, (2) with deformity alone 
01 (3) tetany without any characteristic signs of late rickets or osteomalacia 
In class I few cases aie seen under gioups 2 oi 3, since patients, originally 
coinmg undei these gioups, latei developed the characteristic symptoms of 
gioup I 

Among class II patients in the Kangra district, tetany among both sexes 
IS found associated vith late iickets and osteomalacia, but the incidence of 
tetan}’’ is much highei among females The relationship of certain cases of 
wat to rickets and osteomalacia is evident from the lesults of class III 

In all three classes the mipoitance of balanced diet and adequate sunlight 
becomes eaadent, while the results of classes II and III show that goitre in 
the Himalayas cannot be consideied an letiological factor 

Conclusions — 1 The incidence of tetany among women and guls suffering 
fiom osteomalacia and late iickets in diffeient aieas of the Punjab is considered 
It is noted that when tetany is a prominent symptom, early cases tend to be 
diagnosed and tieated as hysteria 

2 Adult spasmophilia is described in connection with cases of late 
Iickets and osteomalacia, among boys and men in the Kangra district 

3 The ffitiologv of certain cases with tetany called wai in Kashmir, and 
their relation to late rickets and osteomalacia, is discussed 

4 It is suggested that these conditions may be similar to those described 
by Castellan! as endemic tetany of the Himalayas 
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OSTBO^^rALACIA (LATE EICKETS) STUDIES 

Part IX 

DISTRIBUTION 

BY 

DAGMAR CURJEL WILSON, MD (Glas),DPH (Camb),WMS (Retd), 
In Charge, Osteomalacia Inquiry, Indian Research Fund Association 
[Recei^ ed for publication, November 24, 1930 ] 

Previous investigators have recoided cases of late rickets and osteomalacia 
in certain towns of northein India and Kashmir (see References quoted m 
Part III of the paper, Ind low Hied Res, XVII, 3, p 901), recent methods 
peimitting the diagnosis of eaily and of less severe cases have CYtended the 
knowledge of this disease (Pilley, 1929, Wilson, 1929) iEtiological factors 
determine the distribution of rickets m its various forms, osteomalacia, late 
iickets and eaily rickets Investigation of the diet, housing and customs of 
such cases during the couise of the present inquiiy has shown that a consistent 
lack of vitamin D, either in connection with diet alone, oi due to lack of sun- 
light, was a predominant factor m letiology, confiiming the experimental find- 
ings in othei parts of the world (Wilson and Patel, 1930) Climate is a 
secondary factor, but whenever the disease is present, the seasonal incidence 
of damp and cold augments the condition Investigation of factors 
in treatment indicates the impoitance of food values, since a rapid improve- 
ment on the addition of vitamin D is only obtained if vitamins A and C aie 
included in the diet, while excess cereal appears to exert an adveise influence 
(Wilson and Surie, 1930a) Certain observations on the blood chemistry of 
these patients show the varying content of seium calcium and inorganic phos- 
phorus at different stages of the disease (Hughes, Shiivastava and Sahai, 1929) 
The blood pictme suggests a deficiency condition, while the examination of 
stools and uiine indicate the possibility of an infective process in the intestine 
either as a primaiy factoi, oi dependent on an avitaminotic condition (Wilson 
and Suiie, 1930b), the study of adult spasmophilia m connection with late 
rickets and osteomalacia indicates that intestinal conditions may cause exacerba- 
tions (Wilson, 1931a) 

Distribution of cases — ^The results of the present inquiry fall into two 
gioups, lural and uiban 

1 Ruial Occasional cases of iickets and of osteomalacia associated 
with pregnancy weie met with personally among village women of the northern 

( 975 ) 
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Iiului plains 01 noted b> coitain dootoi-. and hcaltli vHitora in tountu dis- 
tnets A high incidence of iickeU and o-^tcoinahuia at all agca in both sexes 
among Hindu field \^mkel•^ waa found to be tlo'ch a>'OCiated with picasuie 
on the axailable means oi sub'^istonce m the hill eountix ot the Kangia 
distiict (Wilaon and Coombca, 1031) Doctoi-^ haxe lepoited ostcomalaci i 
among Pathan women ot the nomidit poiiindnh tribes ot the Noith-West 
Fiontici Pioxince and imong Mohammedan women in ihstant Kashnin 
Mlligcs (Piivite communication, a) 

2 Viban — At special clinics m Lahoie, Vmiit-ai and Simla, 400 cases 
of late iickctb and osteomalacia and 61 ci-'Cs ot int intilc iickcts wcio kept 
undci obsenation and examined In uldition iccoids ot 103 hospital cases 
ot osteomalacia weie obtained tlnough tlie kindnoiN of doctois at AnnitSvar, 
Blmvam, Delhi, Fcioaepoie, Gujianwala, Lahoie and Simla The incidence of 
iickets wa"! high in oxci-ciowded ind wallcil cities and m towns with nanow 
lanes and high -^unlcsb hoiibcs, m Delhi and Clujianwala, oi in densely 
populated baza us such ab Simla, among Hindu and among purdah-obseiviug 
jMohammedan giils and wmmen In Ludhiana a town with a vcij low' incidence, 
wdicic caicful mquuy o\ei two yeais by doctois and health Msitois only 
levcaled five indigenous cases of iickets and ostcomilacia (Piixatc cominum- 
cation, 5), it was found that the diet of the ax^eiagc hou''Chold did not diftci 
mateiially fiom that of women m a city such as Amiitbai whcie the incidence 
foi all foims of iickets is high, but m Ludhiana mci-ciowdmg was absent, the 
buck and mud-buck houses stood sepaiato, and plentiful sunlight wms available 
even foi puidah wfomcn, m open coiutyards 

As the lesult of the examination of ovci 2,000 chikhen of school age, 
Iickets in towns wxas found to be associated with lack of sunlight citlici in ovei- 
ciow'^dcd schools, and wuth diet also m ceitam mdustiial aieas (Wilson, 19316) 
Dental canes, a disease letiologically closely allied to iickcts, wus found to bo 
moie widespread among Indian cluldien than pieviously supposed (Wilson and 
Suiie, 19306) 

Discussion — ^Thc lacial distiibution shows that iickets and osteomalacia 
aie found m noithein India and Kashmii m towms whcievei theic is deficient 
sunlight combined with an unbalanced dietaiy, and in luial aicas whenevei 
plentiful sunlight cannot compensate foi a diet quantitatively and qualitatively 
deficient Theie is no caste oi lace distinction, a large nunibei of urban cases 
occui among women and giils in faiily good social cii cumstances, and a familial 
incidence is often present The disease may stait at any age (54 years was the 
highest age of onset m the piesent senes), but the sex incidence show's that in late 
Iickets and osteomalacia the chief stiam falls on gnls and women dm mg 
adolescence and mateimty, except in conditions of extieme deficiency as m the 
Kangia distiict, oi m certain industiies wheie men and boys aie also affected 
Infantile iickets (under 5 yeais of age) occui s faiily equally among boys and 
gills It IS laie foi the cluldien of osteomalacia motheis to show signs of 
tickets until the second year The onset lUvay be at any age (see Table), 
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but many cases stait m connection with icprodiiction (pregnancy, lactation and 
abortion), occasionally the disea&c is noted as having staited after some ill- 
ness Menstiuation is usually noiinal unless some othci condition such as 
ancemia is also picscnt The age at maiiiagc as given by patients with 
late iickets and osteomalacia may be veiy low (from 1 jcais upwaids), but 
actually the patient larcly lives witli lici liusband till alter the onset of 
pubeity at about the age of 13 yeais 

Conclusions — 1 In northern India and Kashmii iickets in its various 
forms, osteomalacia, late iickets and infantile iickets tends to occui in any 
lace 01 caste wdieievei thcie is exticmc deficiency of sunlight or diet, oi more 
frequently’’ where theie is a relative deficiency in both thcac factois 

2 Conditions influencing the onset such as sc\, age, marriage, illness, 
and social conditions aie consider cd 
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A NEW SPECIES OP HTJIMAN MICROPILAEIA 
{MICROFILARIA ACTOm SP NOV ) PROM 
EASTERN INDIA ALLIED TO MICROFILARIA 
OP ACANTHOCHEILONEMA PER8TANS 


BY 

S SUNDER RAO, l m p , 

Filanasis Research TFo) kei , Calcutta School oj Ti opical Medicine and Hygiene 
[Recened for pubI)C‘\tion, September 6, 1930] 


Duriisg the couise of the examination of blood fiom convicts of jails m 
Bengal to ascertain the incidence of filarial infection, the author came across 
a solitary slide with many miciofilariae which diffeied very distinctly fiom 
those of Filana {Wuchereria) bancrojtt which is the only species of human 
filaria so far known from India These miciofilariee were very small m size, 
and devoid of a sheath The specimen of blood was obtained fiom a convict, 
All Ahmad, in the Comilla Jail, East Bengal, who came from the village 
Musapur in the Sandwip Island, at the mouth of the Brahmaputra The 
author naturally attempted to obtain more slides from this person but, m the 
interval, this convict was discharged from the jail, having served out his 
sentence, and all the attempts to get at him since have been futile as the man 
is suspicious of being taken into custody 

Two expeditions were subsequently sent to Noakhali and the Sandwip 
Island to obtain blood films from this area The result of these surveys was 
that only the microfilariEC of Filana banciojti were obtained, and none of this 
species 

The slide from the convict Ah Ahmad is the only specimen available of 
this species and, ordinarily, one is not justified m describing a new species 
from a single slide preparation But as the features of these microfilaria are 
so very distinct from those of other known human microfilaria, there seems to 
be sufficient evidence to show that this is a new species 

In the slide at hand, 20 microfilariae are present and they are all similar 
in Size and m other details The slide was stained first with (1) Giemsa 
J. me ( 979 ) 
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staining solution and latci with (2) Dclafiekl’s Hicniato\> lin and Eosin and tk 
details of stiuctme of thc^-e nutiofil ukl* ha\e been studied in detail 

The following IS a detailed de-'Ciiption of this new human iniciofilaria 
fiom Eastern Bengal (see Plate LII) — 

The miciofilaiire aic devoid of an> sheath Thc> have a lounclecl head- 
end and tail-end which tapcis to a fine point The einbijos aie 140 /i to 
150 }i long a\ei aging about 115/< The ina\unuin bieadth of the body, at 
about the neive iing, is bp The bodj tapeis shghtlj towards the anteiior 
end and the bieadth at the tip is 5 /' Tlie nuclei coininence some short 
distance behind the anteiioi end of the woiin, fust in two lows, and more 
postciioily there is dense aggicgation of nuclei up to the nci\e-iing There is 
a sharp break at the neive-iing, and then posteiioi to it loi a shoit length, the 
nuclei aie densely packed After about one-thud to half the length of the 
miciofilaiia, the nuclei are less dense and iiiegulaiK distiibuted The distance 
from the anteiioi end to the neive-iing is 30 }( oi one-fifth of the length of the 
embryo The tail-end of the iniciofilaiia is very chaiactciistic The tail 
tapeis to a fine point, the nuclei occur ring to nearly the extieme tip of the tail 
These nuclei of the tail are long and rod-like and there results a chain of three 
(sometimes tw'O or four) lod-like nuclei extending to the tip of the tail 
Another feature of this miciofilaiia is the absence of the cential viscus 
(Innenkoiper) 

The authoi proposes the name Miaofilana actoni sp nov for this species, 
in honour of Lieut -Col H W Acton, i m s , wdio has contributed largely to the 
understanding of the pathology of filaiiasis m India 

The main characteristic features of Miaofilaria actom sp nov are as 
follows — • 


(1) Absence of a sheath, 

(2) Small size (140 }t to 150 p long and 6 p broad), 

(3) Absence of a central viscus, 

(4) The tail end wdrich tapeis to a fine point and has a few long lod-like 

nuclei extending to nearly the tip of the tail 

It would not be out of place here to compare this miciofilaiia with the 
other known miciofilariar from man, namely, miciofilarim of Loa loa, Filaiia 
(TFuc/ieiena) banaofti, Mia ofilaiia vialayi, microfi-larise of Acanthocheiloneina^ 
Persians, F demarquayi and Onchocetcus volvulus The first three specicb 
have sheathed miciofilarise which measure about 300 p in length The as 
mentioned three species, namely peistans, demaiqitayi and volvulus, have 
sheathless miciofilarise These latter species may be compared with the new 


species described in the present paper 

From the above table it is seen that Micro filana actom is allied 
Miaofilana pastans The former is readily distinguished from A peistans y 
the much smaller size of the microfilaria and the finely tapering tail-en 
The latter species has not been recorded from anywhere in the East, beino 
confined entirely to Tropical Africa and British Guiana Oh (1929) 
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leceiitlv lecoided F postans fiom Koiea, from the finding of sheathless micro- 
filanaj fiom foui cases His leasons for detei raining these microfilariie as 
peistans is based chiefl\ on then small size and the absence of the sheath It 
IS not impossible tint Oh was actually dealing with Microfilaria actoni 



Microfilaria 
perstans * 

Microfilaria 

demarqiiayi* 

Microfilaria of 

0 volvulus t 

Microfilaria actoni 
sp nov 

Length 

197 p 

255 p 

300 p 

145 p 

Breadth 

lop to 0 p 

i 5 p 

! 

S p 

6p 

Position of thO; 
nerve-ring 

22 per cent 


\ 

20 per cent 

Characters of 
the tail 

Tip rounded 

stumpy , nuclei | 
present to tip i 
of tail 1 

' Tail tapering, 

tip devoid of 
nuclei 

Sharply pointed 
recur\ ed tail 

Tail finely taper- 
ing and acute , 
nuclei present 
to tip of tail 

Tail nuclei 

Round 

Round 

Round 

Rod-like 


* The measurement'? of the microfihnse of F Persians and F demarquarjt mentioned m 
this table are based on the work of Vogel (1928) 

tThe measurements of 0 valmdut. microfilan® aie taken from Dyce-Sharp (1926) 
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INCIDENCE OF BEDCELLA AGGLUTININS IN AN AVEEAGE 
UNSBLECTED INDIAN POPULATION 


BT 

C\PTAiN S M K MALLICK, ims, 

AND 

Captain M L AHUJA, i m s , 
{Cental Bet>earch Institute, Kasaidi) 

[Received for publication, September 24, 1930 ] 


Ever since the Meditenanean Fevei Commission in Malta (1904-1907) 
traced the cause of prolonged, irregular pyrexias amongst troops to the con- 
sumption of milk of the infected goats, the medical profession all over the world 
have begun to lealize the importance of the Brucella group of organisms in 
prolonged fevei s of unceitain origin The observations of this Commission 
were eonfiimed fiom time to time and now Malta fever is definitely attributed 
to Mtciococcws melitensis Fmthex membeis of this group have been discovered 
which are closely related to Miaococcus melitensis 

B aboitiis (Bang) was at fiist regarded as infectious to cattle only, 
bringing about abortion in those animals, but the work of Keefei (1924), 
Evans (1924, 1927) and others has definitely established that this organism 
IS also capable of producing piolonged and irregular fever m man Cases 
aie frequently reported wAere there is strong evidence to show that the human 
infection was conti acted from animals suffering from the disease That m a 
country like India, Brucella infection may account for a considerable amount 
of illness is brought home to one wdien the economical and mdustiial conditions 
prevailing heie aie considered Agriculture being so fai the mam industry 
of this country, a vast majoiity of the population live heie under rural condi- 
tions The presence of so many hills and pasture lands also afford a good 
opportunity for breeding cattle and goats both for commercial purposes and 
foi the supply of milk for consumption Even m the present day of scientific 
treatment of milk before consumption, le, pasteurization and sterilization by 
otliei methods, such milk is only aimilable for an infinitesimal number of the 

( 983 ) 
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population, the majoiih lining law milk IMo'-t of the tiopical diseases pre- 
\alcnt in India ha\e loceived a fan amount ot coii'-uleiation fioin the people 
and the State but the imiioitanee ul Biucella inltdion h not fiillj realized 
j^et Unfoitunateh the (linieal '.Niiiptonib of thib infection aie so vaiied and 
misleading that a chnuian can haidh legaid aiu one N\ndioine as Upical of 
these infections The jiMexia alone ha-' been toiind to be undulant, leinittent 
and mteiimttent, othei m imlestatioiis such as sleeplessness, disinclination for 
woik, etc , aie equally indefinite 

iMoieovci, ])iiniai\ tultuios ol the oigam-'in-' fioni the jiatient’s blood oi 
mine aie latliei diiricult to obtain It has been stated that e\en cases showing 
agglutinins to a titic of 1 in 100 in then blood pio\e negative bj blood culture 
On the othci hand in eailv ta'^Os the patient’s seiuni ma\ not agglutinate the 
oigamsins in such a high dilution as to make a definite diagnosis possible by 
this method 

If eveij blood seium sent up to bacteiiologieal laboi atones m this countiy 
weie examined loi Biucella agglutinins, iiiespettive ot the clinician’s lequest, 
we think a gieat step will be taken tow aids the detection ot cases wdio are 
souices of dangei to the coimnumtv and m a Icwv \eais tune it w'ould be possible 
to estimate the incidence ot Biucella infection 

We collected oui seia both fiom oui stafl and the local population and in 
addition examined all the seia sent up foi loutine Wasseimann and Widal 
inactions In all 482 seia wcie examined 247 being fioin health} adults and 
135 fiom febiile cases The Wasseimann seia have been included ni the 
healthy senes as they weie few^ and not supposed to be fiom tebiile cases 


Technique 

The agglutination technique of Haive\ (1920) w^as employed with 
the diffeience that the Widal lacks weie incubated foi 4 houis at 37°C and 
the lesults lead ovei -night Both the agglutinins of Mici ococcus melitensis and 
B aboitus (Bang) wmie tested foi Results aie tabulated below — 


TOTAL SERA 482 


Total healthy cases 247 



M meli- 
tensis 

B aboitu'! 

Positive 1 in 10 to 

11 

12 

Positive 1 m 20 to 

1 

16 

12 

Positive 1 in 50 to 
and over 

6 

20 

Negative 1 in 10 to 

214 

i ^03 

1 


Tot\l fcbrill ccses 135 



M meli- 
tensis 

8 aboiliis 

Positive 1 in 10 to 

15 

12 

Positive 1 in 20 to 

6 

9 

Positive 1 in 50 to 
and over 

8 

17 

Negative 1 in 10 to 

106 

97 
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The above table shows the piesence of Biucella agglutinins in the blood 
of healthy as well as febiile cases in ceitain percentages There may be many 
explanations of the piesence of such agglutinins In the healthy individuals 
the possibilitj" of the positne cases being earners cannot be overlooked and the 
febiile ca&es may be true specific infections 

It IS not yet commonly agreed at what dilution of seium complete aggluti- 
nation of this organism indicates Brucella infection Some consider 1 m 50 
and 1 in 100 as specific leactions but the fact lemains that some such possible 
carriers aie sources of danger to otheis and should be piopeily segregated till 
free of infection Of couise the agglutination in lowei dilutions may be non- 
specific 01 on the othei hand may be due to a previous infection or a lecent 
consumption of milk of infected animals 


SuMMARV 

(1) The seia of 487 cases (healthy and febiile) weie tested for Biucella 
agglutinins by Widal reaction 

(2) Both groups of cases in ceitain peicentages showed the presence of 
Biucella agglutinins 

We are indebted to Majoi G C Maitra, i m s , for his kind advice and 
criticism of this papei 


Eoial Societt (1904-1907) 
Keefer, C P (1924) 
Evans, A C (1924) 

Idem (1927) 
Hah\-et, W F (1920) 
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SO:\IE ASPECTS OF THE BEHAVIOTHl OF CINCHONA 
.VLKALOIHS TOWAEDS LIVING CELLS 

Part II 

- PEA^ETEATION OE THE VARIOUS CINCHONA ALEALOIDS INTO 

COLLOIDAL GELS 

BY 

N D KEHAR, m sc , f c s 
{Malana Sutvey of India, Kasauh) 

[Receded foi publication, Septembei 26, 1930] 

In a pievious papei (Kehai, 1930) the effect of the presence of various 
electrolytes on the penetration of quinine salts was studied on the chemical 
analogues of living cells It vas shown that the penetration of quinine salts 
through colloidal systems and then permeability into the living protoplasm of 
C/iaia cells was considerably influenced, depending upon whether the medra 
used were acid oi alkaline The stronger acids and alkalis caused more pene- 
tration than the weaker ones The degiee of penetiation was found to be closely 
related to the chemical nature and systematic position of the electrolytes m 
the homologous senes It was mteiesting to see that the behaviour of quinine 
salts on the colloidal systems as well as on the living cells is practically the 
same in the presence of any paiticulai electiolyte 

In view of the possibilities of such a study helping to elucidate the intricate 
problems of the absorption and peiineatioii of ciumine salts in the human body, 
it w'as consideied advisable to extend this wmik further and to study the 
behavioui of the other important cinchona alkaloids wdiich have been used as 
curatives and prophylactics in the treatment of malaria 

I Technique 

The technique followed m this investigation rs the same as has already 
been desciibed in a previous paper (Kehai, 1930) except that instead of usmg 
test-tubes of an equal bore, glass, tubing of the same diameter has been 

( 987 ) 
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employed in all these expciiment'' The ghi--) tubing uas cut into eight inches 
long pieces and coikcd tightl\ at one end 

(n) The cinchona alkaloick u&ed in this stiuh weie — 

(i) Cinchonine chlondc, 

(u) cinchonidine Milphatc, 

{ill) ciuinidine (ba^e), 

(in) quinoidine, 

(n) quinine (base) 

The abo\c wcie Howaid’^ puic picpaiations 

(5) The influence of the following clcctioHtes ha-? been studied on the 
peimeabilitj of the <ibo\c alkaloids Sulplunic acid, nitiic acid, Indiochloric 
acid, foimic acid, oxalic acid, acetic acid, piopionic acid, inalonic acid, sodium 
In dioxide, succinic acid, sodium caibonatc, citiic acid, sodium nitiate, sodium 
bicaibonatc and baiium nitiate 

II Results of eipenments 

The lesults of these oxpeiiments have been summaiized in the following 
tables (Tables I — ^V) In these tables A and G indicate agai-agai and 
gelatin lespectively 

III Discussion of lesults 

(a) The effect of mineial acids, alkalis and salts on the penetiation of the 
alkaloid salts 

Columns 1 to 3 of Tables I to V demonstiate that all the three 
mineial acids acceleiate the penetration of the salts m the following oidei 
HCl > HNO3 > HaSO^, thus showung that the stiongei acids help the pene- 
tration of the diffusing alkaloid more than the weakei ones 

Columns 4 to 6 of these tables indicate that the alkalis, 1 e , sodium 
carbonate, sodium bicarbonate and sodium hydroxide increase the penetration 
to a still gi eater extent than the acids, the oidei found being NaOH > 
NaaCOa > NaHCOg The same interesting relationship as observed in the 
case of acids exist here also, namely, the stronger the alkali the greater the 
facility it provides to the penetrating alkaloid 

It is shown by columns 7 to 9 that whereas the presence of acids and 
alkalis influences the penetration of the alkaloids to a considerable extent, 
that of the neutial salts, eg, sodium nitrate, potassium nitrate and barium 
nitrate does not seem to effect their diffusion in the gel media 

(b) Effect of organic acids 

Columns 10 to 12 indicate that m the case of monobasic acids penetiation 
was only increased by the lowest homoiogue, le, formic acid, while acetic acid 
has no effect, and propionic acid, the highest of the three used, hinders the 
diffusion to some extent This was found to hold good with almost all the 
alkaloids used 



Tabi® I 

PeiiGUalion of cinchonine chloude (in cm) 


























































Table II 

Peneb ation of cinchomdine sulphate {in cm ) 
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Tabll III 

PeneUahon of quimdim {base) (iit cm) 
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T^ble IV 

Penetiation of quinoidine {in cm ) 



TABlit. V 

Peneti ati 07 i of quinine (base) {in cm ) 
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CoUmin-^ 13 to 15 -how tluit all the three diha-ie aeuU u-ed accelerate the 
diftusion of the alkaloid in tlu (olloidai -N-tein- 

It appeal- a- it both in the mono- .ind di-h i-ic -cue-, the range of pene- 
tiation i*^ -omehow i elated to tlu mokenlai weight- of the icspcctue homo- 
logous ■^ciie<, -nue the lowei the inoledilai weight* oi the hoiuologue, the 
gieatci 1- the extent ot penetiation ind \ue mi - a 

The pohha-ie and, le, dtiu acid, allow- the gieate-t amount of pene- 
tiation a^ compaied to the mono- uul di-ba-u -eiie- 

A compaii-on ot the ilkaloid- with each othei -how- tlnit, accoiding to 
then powei of diflu-ion into gel bodies, the\ can be an inged as follows — 

(i) Ciumine biludiot blonde, 

(u) cinchonine ehlonde, 

(ni) quinine (ba^^c), 

(?!') einchonidine ■sulphate 
(id quinidine (ba-e), 

(dI qumoidine 


Thi=! behaviour can be represented in a giaphic fonn, and the following 
cuives show' the diffusion of the alkaloid- as aftceted by sodium hydroxide 
(Text-figuie 1) and hvdiochlonc acid (Text-figuio 2) The curves with the 
othei electiolytcs aie of the same tvpe and can be plotted fiom the figures 
given in Tables I — V The cuives A, B, C, D and E lepicscnt the penetra- 
tion of cinchonine ehlonde, quinine (base), cinchonidine sulphate qumidme and 
qiimoidme lespectively 

The expenmental lesults can be expiessed bv the equation 

P- = aT 

wheie P IS the penetration, T the time m hoins and a the latus i actum of the 
giaph 

It IS evident fiom the above analysis that the conclusions aiiived at oy 
the study of the penetiation of these alkaloids into the colloidal media aie, 
with slight variations, practically of the same natuie as those observed m the 
case of quinine biliydiochloride and quinine bisulphate It is mteiesting to see 
that in these expenments also the penetiation in gelatin gels is gieatei than 
in agai gels 

It was consideied necessaiy to deteimine conclusively that the diffusion 
bands seen in the gels weie leally due to the alkaloid salts and not to Cl or 
SO/ ions only To settle this point, the coiks of the tubes weie removed aftei 


*The molecular weights of the monobasic fatty acids — 

Formic acid ^ 46 03 

Acetic acid 60’04 

Propiomc acid 74 07 

The moleculai weights of the saturated dibasic acids aie — 

Oxalic acid (anhyd ) 90f06 

Malomc acid 104 05 

Succinic acid US'D? 
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the e\peiimcnt was hni^licd aiul the solid column of gel was removed either by 
means of a gentle jeik 01 h\ pa^-'ing the tube quicklj tluough hot water Thm 
tiansveise slices of the gel weie cut with •• diaip knife at two or three different 
places in the aiea of diltu&ion Tlie-e slues woie fh—ohed in distilled water 
and subjected to the standaid te^ts toi tiiuhoin alkaloids It w'as found that 
these alkaloids W'eie, in\aiiabl\, piC'-ent tliioughout the body of the diffusion 
band, except in the ca^e ol audiuin hydioxule wheie the alkaloid was some- 
times piecipitated 

This obsenation wa-^ fuithei -,uppoited b\ detei mining the lefiactive 
indices of the alkaloid salt solution abo\e the gel at dil'ieient mteivals during 
the experiment These readings weie taken with tlie Abbe’s Refiactometer at 
20 07°C , le, the teinpeiatuie at which the pcnctiatiou expeiiments were 
being conducted No shift was noticed during the obseivation period as seen 
below — 


Time in horns Ref 1 active Index 

0 1 3357 

6 1 3357 

12 1 3357 

24 1 3357 

48 1 3358 

60 1 3357 

Control experiments wuth vaiious concentrations of the alkaloid gave the 

following lesults — 

Alkaloid used Concentiation Refractive Index 

Pei cent 

Cinchonine chloride 2 5 1 3302 

. 5 1 3357 

10 1 3431 

15 1 3507 

Watei alone 1 3122 


This shows that, if the alkaloidal solution was not penetrating into the ge 
as a whole, there would have been a significant change in the refractive indices 
with changes in concentration 

The determination of electrical conductivity of the diffusing salt also gave 
results similar to the above The observations recorded were the same through- 
out the experiment, and the readings on the meter did not show any noticeable 
change 


Time m hours 
0 
6 
12 
24 
48 
60 


Readings on the meter 
61 31 I 
61 31 
61 31 
61 31 
61 29 
61 31 
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Control experiments on the effect of the concentration of the alkaloid on 
the electiical conductivity "weie also tiied and it was found that the latter 
changed with variations in conceiitiation 

A.lkaloid used Coacentr ition Electrical conductivity 


Cinchonine chloride 


Per cent 
25 
5 
10 
15 


0 101 X 10'3 
0 194 X 10-3 
0 374 X 10-3 
0 514 X 10 -3 


The foiegoing experimental obseivations give a convincing proof that the 
alkaloid solutions diffuse thiough the gel as whole 

The stiuctuie of the gelatin gel has been a subject of gieat interest for 
the colloidal chemists dming the early developmental period of this branch 
of chemistry 

Hardy (1899, 1900) states, that these jellies possess a fine open spongy 
structure, contammg fluid within its meshes, resembling more or less a honey- 
comb stiucture 

A possible explanation of the differences observed in the penetration of 
the alkaloid may be found in the supposition that the state of aggregation of 
the tiny capillaries, through which diffusion takes place, is affected differently 
in the presence of diffeient electrolytes The nature of ions m combination 
with gelatin and agar gels also has a considerable influence on the forces of 
cohesion of the solid jellv Loeb (1922) believes that the presence of an acid 
or alkali raises the osmotic pressure, viscosity and swelling powei of a gelatin 
jelly rapidly, while the addition of neutral salts exerts practically no influence 
Similar views have also been expiessed by Plank (1890) with regard to the 
influence of osmotic pressure 

The hydrogen-ion concentration of the body fluids and tissues is about 
0 37 X 10^ which is conceivably within the range of neutrality The stock 
gels used for all these experiments were of pH 4 7, i e , the iso-electiic point 
It can, therefoie, be anticipated that the behaviom of acids, alkalis and salts 
observed in the gel media might well have a beaiing on the important pheno- 
mena occurring in the body under similar conditions 

It IS now generally accepted that the H+and OH -ion concentration of 
normal blood and tissues is very neaily close to neutrality, and that all the 
normal life phenomena occur at a pH about 7, which may be considered 
equivalent to the iso-eleetric point of gelatin The reactions taking place 
therein are accelerated or retarded by the addition of larger amounts of certain 
organic and inorganic constituents, which cannot easily be neutralized by the 
bodv proteins It suggests that under abnormal conditions the pH is altered 
which IS thus mainly responsible for these enhanced biochemical reactions 
Tins seems to coincide wutli the experimental observations The addition of 
acids and alkabs mfluences the pH of the gel to a considerable extent and is 
hence responsible for the greater and quicker diffusion of the alkaloids while 



998 lU’haiiou) of Cuuhonu ^llLaloid.s 'Powanh Liuintj Cells 


the neutial saltb "cnc'ialh, witli few e\ce{)tions, do not cliangc the pH of the 
medium and, thcicfoio, piobablv e\eit no appreciable eftect It is clear, 
theiefoie, that bj^ biingini!; about a shift in the pH of the body fluids, the \elocitv 
of leaction of the duig might be (on-'ideiabU incicascd 

In pievious cxpeiiments (Kehar, 1930) on the permeabihtj of the alkaloid 
salts into the piotoph--m of the luing cells of CIudu, it was shown that these 
cells died of the toxic efieit ot the inineial aiids and s-odium hydroxide The 
shift biought about b\ the-e leagents in the pH of the cell sap, probably, was 
incompatible with the life ot the c\topla-'in So that, wheieaa the diffusion of 
the alkaloid could with ca-c be studied on the chemical analogues of living 
cells, it w^as not possible to conduct such a wide lange of cxpeiiments on living 
pi otoplasm 

The foiegoing icsults would plate the cinchona alkaloids as legards their 
permeability into the colloidal sjatems m the following older cpiinine bihydro 
chloiide, cinchonine chloiide, cinehomdine sulphate, ciiiinidine (base) and 
qumoidine MacGilchiist (1915) tested tlie effect of the alkaloids in doses 
piopoitionate to body-weight in nialaiia cases and classified them in the 
follow’ing 01 del as legaids then clinical effects cinchonine, ciumme, qumidine, 
cinehomdine, and qumoidine, the fiist tliiee being neaily equal in their action 
Fletchei (1925) fiom his expeiiments places them in the oidei, quinine, quim- 
dine, cinchonine, cinehomdine and qumoidine as rcgaids their effect on the 
paiasites in the peiipheial blood He thinks the first three about equal m 
yalue, but that cinchonidine is slightly infeiioi The results lecorded here 
would place qumidine m the fouith position, if peimeability is any index of 
clinical yalue, which would agiee wuth the findings of Smton (1930) on the 
lelatiye effects of these chugs m the pioduction of a peimanent cure 

The penetration of the alkaloids as showm aboye is enhanced in the presence 
of certain electrolytes This might be taken as a possible factor in the lepoite 
yalue of the quinine alkali treatment of malaiia adyocated by Smton (1923) 
The increased permeability would possibly be associated wuth a more mpi 
and complete absorption of the chug as suggested by Acton and Chopia (ly-- ' 


SUMMAKY 

The penetration of cinchonine chloride, cinchonidine sulphate, qumidine, 
quinine (base) and qumoidine into the chemical analogues of hvmg cells a® 
been studied in the presence of vanous electrolytes It was obseryed that 

(i) The acids and alkalis accelerate the penetration of the alkaloid 
a considerable extent 

(ii) The stronger acids and alkalis allow more penetration than 
weaker ones 

{ill) The neutral salts are generally without any appreciable effect 

{iv) In the mono- and di-basic acid series the range of penetration of t^^ 
alkaloids is related to their chemical nature and systematic position m 
homologous senes , ^ ^ 


the 
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(u) The degree of penetration of these alkaloids seems to be approximately 
an index of their clinical value 
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Part III 

THE EFFECT OF PLASMOQUINE ON THE PENETRATION OF THE 

CINCHONA ALKALOIDS 

BY 


N D KEHAR, m sc , f c s 
{Malaria Siiivey of India, Kasauh) 


[Received for publication, Septembei 26, 1930 ] 


In 1926 a ne-w drug, plasmoqurae, was intioduced m the treatment of 
malaria Smce that time numerous experiments carried out with this 
substance have shown that it fox ms a maiked advance in malarial 
treatment The woik with this drug has been summarized by Sinton and 
Bird (1928) and by Sinton, Smith and Pottingei (1930) The present conclu- 
sions with respect to this drug are (a) that it has a maiked destructive action 
on the gametocytes of P falciparum but not on the schizonts, thus being in 
maiked contiast to the cinchona alkaloids, (b) that like quinine it has ai 
marked action on all foims of P vivax and also probably of P malance, 
(c) that it IS moie effective than the cinchona alkaloids in the production of 
a permanent cme in chronic benign tertian malaria and (d) that better results 
in the production of peimanent cure aie obtained in the latter disease by the 
combmation of piasmoquine with the cinchona alkaloids than by either 
separately 

In -view of these findings it seemed advisable to investigate the action of 
this drug on the rates of penetration of the different cinchona alkaloids into 
gel media 
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I Technique 

The technique lollowcd hcie has been full> clcaciibccl befoic (Kehar, 1930, 
1931) and all e\penincnt& wcie conducted undei binnlar conditions 

The alkaloids tiicd in combination nitli pla&moqiiine i\cre — 

(t) Quinine bilu diochloiidc, 

(n) quinine (base), 

(in) cinchonine chloiide, 

(ly) cinchonidmc sulphate, 

(v) quinidine (base) 

One per cent solution of pla-'iiioquine was mixed m equal proportions with 
the alkaloid salt solutions (5 pei cent) prepaied as desciibed before The 
lesultant solution was 0 5 pei cent ot ph'«moqume and 2 5 per cent of the 
cinchona alkaloid undei test 

/I Results of evpenments 

The results of these expeiiinents haxe, foi bievity, been summarized in 
Tables I — ^VI In these tables A and G indicate agai-agai and gelatin lespec- 
tively 


III Discussion of lesults 

From the above tables it is obvious that the geneial behaxuour of the 
various electiolytes in affecting diffusion thiough the gel media in the presence 
of plasmoqume alone oi of plasmoquine in the piesence of cinchona jlkaloids, 
IS practically of the same type as that obtained wuth the various cinchona 
alkaloids only (Kehai, 1930) It wull be noticed that the mineral acids and 
alkalis accelerate the penetiation of the diffusing liquid, while the neutral salts 
are generally without any effect The influence of the piesence of mono-, 
di-, and poly-basic acids, based on then chemical nature in the respective 
homologous series, had a chaiacteiistic effect on diffusion 


It IS of interest to note that whereas the various salts of cinchona alkaloids, 
when tried alone, can be arranged in a particular order [quinine bihydro- 
chloride > cmclionine chloride > quinine (base) > cinchonidme sulphate > 
quinidine (base) > quinoidine] according to the extent of then diffusion, ^ 
Older changes somewhat when they are in combination wutli plasmoquine t 
cinchonine chloride combination penetrates more than the one containing 
quinine, the order with the different alkaloids being — 


(i) Plasmoquine and cinchonine chloride, 

(n) plasmoquine and quinine bihydrochloride, 



Table I 

Penetiahon of plasmoquino alone [in cm ) 




































Penetration of plasmoquine and cinchonine chloride {in cm) 



















































Table III 

Penetmhon of plasmoquine and quinine bihydi ochlonde {in cm ) 




















































Table IV 

Peneb ation of plasmoquine and quinine (base) [in cm ) 
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Table V 

Pc7ict') (itwTi oj pldsvioQUiiiG (Tiid cvuchotizdttic sulphate {tti cut ) 
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>,e.»™u. can .c s.o^ .ap..ca..y by tbe cncvea 



Curves A, B, C, D and ^ em„hon.dmc sulphate and qumnlme 

qumme b.hy<hocblo..de qumme (b ^ p,e,eqee ul sodium 

respectively ■- Tf plaslqu- alone 

''^";:!:::::s c:rb: mathematically evpiessed by the equation 

p- = aT 

..le P IS the penetiation ot tlm alhaloid in centimetres, . the time in hours 
end a the latus raetum of the ^ap 

The ev-perimental „,ne is much moie than what 0™^ be 

the mixture of qumme a P therefore, to see rvhether 

expected according to the - t important properties of this 

this larr is followed with advisable to study the refractive mdices 

mixtme of alkaloids, it ys tl g combmation with each other 

“cmc^mnlcSoiS^^ 
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indzces woic mca^^uicd 'it 20 07°C with tlic Alzbe’rf Rcfractoraeter Four 
concentiation'5 of tin-' alkaloid i'a\t* the followin'' rciults — 


Coucontr.itioii of 
cmehounu' 
tliloruli 

Rol hull x Qi . 

iimlioniiii' done 

Id 1 Indt \ ol i 
pt r (< lit pi i-iiio* 
qiiim doiif 

1 

Oh-ined 11 I OI, 
pi i'mo((Uine md 
( iin-lionine 

C dciil ited R I 
ol plasnioqume 
Hid cinthomne 

2*5 per cent 

1 3J02 

1 

1 L‘11 

1 3271 

1 32715 

5 

r3337 

1 32H 

1 3209 

13299 

10 

1 3131 

1 3211 

1*3316 

13336 

15 

1 3507 

1 1211 

1.U71 j 

1*3374 


This “shows that the ob^cl\cd and (aUulatcd \aUie-5 aio alike and the 
leliactive indices of the inixtuie aie in agieeinent with the Law of Mixtures 

It has been shown in a pie\iou& paper that the degiee ot penetration of 
the alkaloid salts thiough the gel media ma> ha\e some con elation w'lth their 
therapeutic piopeitics in the tieatmcnt of malaiia Fiom the e\'peiiments 
analysed above it is clear that the alkaloid salts in combination with plasmo- 
quine penetrate much moie cpiickh than when tiled alone In fact the extent 
of penetiation of thi" combination i" xciv much in excess ot what could be 
expected accoiding to the Mixtuie Law The bottei clinical efiects recorded 
after treatment wuth the combination of plasmoqume and quinine might, there- 
fore, be due to the quickei and gieatei penetiation of the two diugs either by 
enhanced absorption oi inci eased paiasiticidal action 

The above expeiiments fuithei indicate that wdieieas tlie penetration o 
the mixture of plasmoqume and quinine is consideiably greater than either of 
them alone, that of plasmoqume when combined with cinchonine chloiide is sti 
greatei This would suggest that if m this combination quinine is replaced by 
cinchonine chloride, a bettei medicinal eftect might be pioduced This seems 
worthy of tiial and such a treatment, besides othei consideiations, might also 
be more economical 

SmiMARY 

The penetration of the important cinchona alkaloids into the chemical 
analogues of living cells has been studied in combination with plasmoqume 
was found that — 

(а) The effect of the presence of electrolytes m influencing the degree o 
penetration is related to then chemical nature 

(б) Acids and alkalis acceleiate the penetration while the neutral salts 
are generally without any effect 

(c) The alkaloids penetrate much moie when combined with plasmoqume 
than when tried alone 

(d) The extent of penetration is very much in excess of what could be 
expected according to the Mixture Law 
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(e) The bettei clinical cftccts lecoided in malaua aftei treatment with 
plasmoquine and quinine might be due to the greatei and quicker penetiation 
of the ti\o ding's eitliei bv enhanced absoiption oi increased paiasiticidal action 
{/) Cinchonine chloiide m combination with plasmocpiine penetrates moie 
than quinine and if penetiation .ani index of their clinical laliie, the ding is 
w 01 tin of a trial 
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Historical and general 

Cocaine addiction is of comparatively lecent oiigm in India Inquiries 
in all piovinces shov that the drug was fiist used for its euphoric effects in 
Bhagalpm nearly 40 years ago and from there it came to Calcutta and spread 
to othei places The use of coca leaf foi euphoiic purposes, however, started 
many centuries ago in South America, the natives of Peru and Bolivia were 
known to indulge m the leaves of Erythroxylon coca as eaily as the 15th 
centuiv Thev weie in the habit of chewing leaves duiing the times of great 
physical stiain such as long laboiious marches in the hills, as by so doing they 
felt refreshed and imigoiated Fianz Pizarro in 1533 found that the leaves of 
this plant were used as an article of common luxury in Peru There is a very 
interesting narrative of the trade m this leaf which was going on at that time 
with rmrious tribes of Red Indians Accoidmg to tradition when the Empire 
of Inka was first established the children of the Sun offered the people coca 
leaves, which appeased hunger, imparted vigour into the tired and fatigued 
and made the sorronful forget their sorrows, as a divine gift for their use 
This plant with its wonderful properties was regarded by the people as an 
emblem of kingship so much so that the queen named herself ‘ Mama cuca ’ 
after it The priests abo extolled its divine qualities and made use of it on 

{ 1013 ) 



1014 


Codiina Habit ui India 


ceicmonifil ncc i-ion-' uul th( pfopK oi uml^ .'>rul {)o\\cr ■'houccl their duine 
natuio b\ filliiiu: tiun inumli' uitli tlu-'i Icivi'i uid ehcuing them It i\a 
fioiii tlioin tint t!u'-i It im- khiiuI tliui u i\ to tlu (oininon lolk wlionotonh 
u^cd tlicm on tt'Kinoniil ot t i'< tun but took tlu in .it .ill tinic^ lor the exliila 


i.itint>: anil pli i-uii* m\nm iluit- to both tlu nuiul 'ind both Their ue 
theicfoio i.ipidh -pii id md i \ it idiui- bi u'ln to in inilt-'t tlieni'chcs .'imong 
the peoplo V- loim luo i^ tlu niulilU oi tlu Hithientniv the r.uagcs pioduced 
bv the leal weie iitpietiuid b\ tlu nithoiitiC' 'ind thr -etond t oiiiicil of Lima 
tiled to >top it" ii"! ikoitithu iinong tlu inhih't'nts oi Peru, Chile and 
Bolni.n tlioimh uii'iu 1 1 ""inlK On tlu otlui hind the li.ibit "pread more .and 
moie and bet.inu dupK loottd .nnoim tlu popnl.ui with the result that 
moial. inent il .ind plu"i( il deginu i ition "it in .ill lonnd Eu’C'sne cheiiing 
of cota leaf jnodiueil a "tntt' ot h ilhu in.itoi\ tontiL"ion .ind dohwon .among 


the people otten uioinp.inied h\ dmt"ti\t ili"tni b nice" and ni.ar.asiuu' 
Foitiinateh the .ilk iloid lontcnt of tlu ie.u i" "in.ill (10 pei cent) .ind the 
haimfiil eflect'^ t.ike longti to ippe.n thin when the pine alkaloid is ibod 
The leaf w i" genei.ilh t iken ini\id with lime oi i"h ot "Oinc plant The 
pow'deied lca\e" weie kept in na"k-"lnptd pumpkin "hell" and weic taken out 
in small qiiantitiee" with a needle the end ot wluih w.i" moistened in the nioiitli 
Theie weie a iiumbei of othei piepaiatioii" aho made tioiii the lent which 
weie used b^ the populace The plintei" and minei" ot the land encouiaged 
its use becau"e thev could get gieitei ciuantit\ ot woik out of the kabouiert 
undei its influence The ti.nellei T"chudi, who M"ited the^c p.uts about 1838, 
was so stiuck b} it'^ effect" th.it he "tiongly lecommended thi'=' custom to the 
Euiopean navie" foi long .ind fatiguing "iihngs ot his dai Accoiding to 
.Johnston in the decade 1870-80, 15 million kilogiams of di\ coca leaves were 
pioduced and chewed b} a popul.ition of 10 million souls Eftoits to intioduce 


coca leaf chewing into Em ope, howevei, did not meet with much success 
Although the alkaloid cocaine w.i" discoveied in 1859-60, the impoitance of 
the plant fiom the inedicm.il point of view' gicw'' inoie fiom 1884 and the 
expoit of diy leaves fiom South Ameiica staited fiom that time In oidei 
to reduce the cost of ti.anspoit factoiies weie st.aitcd in Peiu about 1890 winch 


manufactuied ciucle cocaine foi expoit to othei paits of the wmild Duiing 
the yeai 1890, 1,730 kilogiaras of the ciucle alkaloid w^eie expoited and tins 
inci eased to 10,600 kilogiams in 1901 It wms in this wmy that the alkaloid 
replaced the leaves and the knowledge of the effects pioduced by it spiead 
to othei paits of the world Betw^een 1890 and 1900 cocaine beg.an to be 
faiily largely used in the United States for euphoric purposes and the habit 
was also getting known to Europe, India and China It was thought at that 
time that administration of cocaine cured the morphia habit and alcoholism 
and this gave a stimulus to its use by the medical profession in the tieatnient 
of these conditions Unfortunately instead of curing moiphinism it produced 
among many patients moiphino-cocaimsm The successful use of the drug 
for producing local anaesthesia began to be appreciated more and more by 
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medical men, and tins increased the demand for the alkaloid to such, an extent 
that it was considered worth while to produce it by synthetic methods The 
preparation of the allcaloid, howeiei, is easier and cheaper horn the leaf, and 
large plantations weie stalled in Java and othei places The wmild thus became 
independent of South Ameiica, and the alkaloid became comparatively cheaper 
in puce The leaf liom Ja\a goes to factories in Euiope, America and Japan 
and the South Ameiican product has been practical^ chnen out of the market 
In 1922, 1| million kilogiam^ were expoited fiom that island with a cocaine 
content of 1 5 per cent 

It was about 1900 that the use of cocaine loi euphoric purposes spread 
extensneh in the United States and began to make its waj into India among 
other places In 1902 the fii=t lepoit appealed about the use of cocaine in 
form of snuft bi negioes, and man^ cases of iilceiation of septum of the nose 
were recorded as a iC'Ult of thu Dmmg the Gieat Wai, there was such an 
enormous spiead ol the habit in Euiope and paiticularlj in Fiance, that 
ugoious pieienme measures weie taken bj auihoiities to stop its use 

E)iith)ox)pon coca does not grow in India in a state of nature I?To 
reference is to be found m the ancient Sanskiit liteiature about the leaves 
01 the propel ties possessed b\ them The onh lefeiences in the medical 
liteiatme that exist aie of iei\ lecent origin and concein the use of the alkaloid 
cocaine ana not the leaf The \arietj Ei ythi ovylon oioiiogynwn is said to 
be indigenous to India (Madrasi but it doe« not contain cocaine oi the related 
alkaloids Thu ^allet^ ha's smaller leaxe^ than E coca, can stand higher 
temperaime and it is thought that if cultnated tindei propei conditions it may 
pioduce cocaine Two \arieties of Eixthioxwlon aie believed to grow* wild m 
Bombay Presidency but if so thex aie extremeh raie One of them yields a 
mere tiace of cocaine, the othei does not xield any alkaloid at all The habit 
oi chewing coca leaxes con^equenth nexer existed m India 

In 1870 E coca was brought to Cexlon fiom the Botamcal Gardens at 
Kew (London) and m 1885 it was bi ought oxei to British India The leaxes 
xvhen carefullx cultixated under suitable conditions haxe been found to be 
rich in cocaine, the yield increasing vrith the age of the plant It is not quite 
ceitam ii the cultixation would be a commeieial success as it has been in the 
Dutch Indies m Jaxa where the trees scientifically cultnated gn^e a bettei 
xield of the alkaloid than those produced in South America In India it was 
noted tnat the best results weie obtained from the plant grown on the upland' 
of the Kilgiri Hills and those planted m the hot low plains did not thrne and 
died out 

E coca has, howexer nexer been cultivated in this country on a lar< 7 e 
scale Some xcars ago (19261 it was suggested in the English daily press 
m India that cocaine bearing Enytluoxylon coca was growing wild all oxei the 
country, that the people were learning the habit of chewing the coca leaf, and 
that there might be seciet factories foi manufactme of cocaine In support 
ot this theoix it was argued that laige quantities of the drug wete" seized 



1016 


C'oL(iuir Iltibit iH India 


on luilwnjh and the (.ocamc habit wi- "pieadiii”; lapulK and no one had beea 
able to tiacc the "ouuc iioni uhuh (he din^ ua^ obtained Tlie alleged culti 
vation of cota plant wa^ al-o releued to at a iiueting ot the advisory committee 
of the League ot Nation-' on tiatlu m opium and othei dangerous ditigs m 
1925 Caiefiil inquiiiea ueit tlien mule b\ the (ioviinnient ot India and 
lecenth we have been able to iiillv toiioiioiate the views then exjiiessed by the 
authouties Ncithei Ei i/thiou/lon loiu noi anv othei plant Irom which 
cocaine can be piodiued i- cultivated m India, e\cei)l that E coca is some 
times giovvn as m oiiiamental plant m the giideiis m Bonibav and there are 
specimens at the Roval Hot iiiie (laidciis, Calcutta, and in the Botanical 
Gaideus at Madias .uul Kallai tm the Madias Rusidenev) E coca so far 
tiom glowing wild all uvei the icnmtiv is not known to giovv wild anvwliere 
m India A few jilants weie tound m some ot tlie Xilgiii estates, which were 
in all piobabihU the lelics ol the expeiimeiu made m 1SS5, but even these 
contained little oi no cocaine The manuiaetuie ol cocaine is a higiilv technical 
piocess and tlicie is no giouiicl whatevei loi the beliel that cocaine is secretlj 
manufactuied in India uul as will be shown in sub-'Cciuent p igcs theie is no 
inysten whatsoevci about the souiee ot the illicit eoe une seized in India It 
IS undoubtedh all manulactuied in eeitam countiies outside India 


CocviNL Hviiri IN Inuiv 

As eaily as the nineties of the last eentuiy it was leahzed that cocaine 
wnis being used m ceitam paits of the piOMiiee of Bengal and Bihai foi ds 
euphoiic effects The eailiest leeoul ot its usc came fioni a small town name 
Bliagalpui The stoiy is i elated ot a big land owiiei ol that place w lo 
conti acted the habit accidentally attei its u-^e to lelieve dental pain So extra 
oidinaiy weie the effects pioducecl on him that not onlj did he become na 
tuated to its daily use but passed on the habit to many othei s It was s a 
at that time that cocaine was secietly sold to a consideiable extent to sci 
boys and students, niei chants and men of good class in the community 
price of the alkaloid at that time was Rs 3 pei cliachm oi about one anna 
pel grain, and it was usually sold to the public in packets of 4 giam ea 
The evil effects produced by the chug w’^eie not fully appieciated at that time 
by the profession and the laity and theiefoie no lestiictions w'eie imposed on 
the sale and use of this clangeious chug 

The habit, howevei, spiead so quickly fiom Bliagalpui to Calcutta and 
othei large towns and the ravages produced by it m the addicts became so 
evident in a shoit time that it soon came to the notice of the medical profession 
and the authoiities Steps were at once taken by the Excise Department o 
restrict its import and scale In the meantime, unfortunately the evil na 
taken root and many large towns had become affected The habit had spiea 
along the two mam routes even to Northern India It worked its way nP 
through Benares, Lucknow, Rampui, Sahaianpm and Ambala on the one side, 
and through Allahabad, Cawnpoie, Agia, Muttra and Delhi on the other side 
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We were credibly infoimed that in Delhi the addiction evisted on a fairly 
extensive scale in the j ear 1900 In this town it is reputed to have spread 
through the agency of a medical practitioner Vilio prescribed it as a stimulant 
and as a tonic In Saliaianpur the habit was fairly common 20 to 25 years 
ago, and there a trained midwife is said to have been responsible for its 
introduction Tiacing its piogiess fuither noitli theie is no doubt that the 
spread of the habit to the town of Amritsar m the Punjab was through shawl 
merchants, nlio were in constant communication 'siuth Calcutta From 
Amritsar the addiction spiead to Lahoie Peshawai nas also involved early 
owing to laige number of inhabitants of this town being constantly on visits 
to Calcutta m connection with the fiiiit trade A very able excise ofiBcei 
of the iSTorth-West Fiontier Province assured the senioi author that Peshawaiis 
were in a great measure responsible for tiafficking m cocaine cairied on in 
India Large quantities of Charas (lesin of cannabis sativa manufactuied in 
Central Asia) w'eie smuggled through the Noith-West Frontier Province and 
sold at a very cheap price along the frontiei These were earned by them to 
such big centres as Bomba^ and Calcutta and were sold at veiy large profits 
The proceeds of this sale were employed to smuggle cocaine back from the 
sea-port towms to different parts of India particulaily large towms of Northern 
India He was certain that the key to the smuggling of cocaine lay m the 
Noith-West Frontier Province With the i eduction of duty on ‘Charas' by 
30 per cent which has recently been enforced, this smuggling has already been 
brought dowm to a ver^ great extent and this will undoubtedly react on tiaffick- 
'ihg in cocaine 

Conti ol ovei the import and sale of cocaine 
In the early days of cocaine in India there weie no restrictions on its 
import, sale or use It did not take long for the authorities to lealize the 
seriousness of the problem and regulations w’ere brought into force to strictly 
control the sale of this dangerous drug Not only w'as the alkaloid forbidden 
to be sold to the general pubhc but the sale by druggists and chemists to 
medical practitioners and dentists was also strictly controlled No one is 
allow'ed to possess coca leaf, alkaloids of coca or any preparations made from 
them, or preparations contaimng ecgonin or any substance chemically allied to 
cocaine or having similar physiological effects, except undei a special licence 
Even possession of these drugs by licence is stiictly limited In spite of this 
writing in 1913 m the British Medical Journal, Dr Chum Lall Bose said ‘ In 
Calcutta, despite the vigilance of the excise authoiities and notwithstanding 
the stringent measures adopted by the Government against the possession and 
sale of this substance by unlicensed persons, there is reason to believe that the 
cocaine habit has much mcreased and is rapidly spreading’ 

The present extent of cocaine habit in India 
It is not possible to say with any degree of accuracy the present extput 
of cocaine habit in India Tuke (1914) said that the habit of taking cocaine 
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was by no hkmiis tonfmod to tlit |)ooi •ind tiiicdiKat.d Prom tte 

infoiination wo lii\o ^^athoiod from oui work m tlit fjtid m \an0u3 pronnce 
of India, il tian''j)n(’' tliat onh mtmln‘I-^ ot tiu medical piofossion at firt 
knew about the euplioiic piopcitic-^ ot tot'imt -tiul that it was Horn them that 
tlie la} people leaint about it-^ eltict-' \s m laih (hi\- tlicie w ere no redric 
tioii'^ icgaulin'4 the jiOa'C'-'.ion uid ''ile ot the alkaloid, the habit quickly spread 
liom one coinineuial ut\ to aiiothci on atioimt ot the moie lapul methods of 
lian‘'poit which weic loming into \ogui owing to the extension ot the raika\ 
sy^'tom in the e.uliei jitut ot thiN ccntiii} Plic siumilant cliccts pioduced bi 
the (hug weie i gieat atti action to a tepe ot indniilual, who was ignorant of 
itb c\il ehett'' on the •'\^tem fMoieo\ei tlit enoimou-' linancial gain r^lucli 
the dedei'i in thi" netaiiou- iiallii obt uned, soon induced them to emplo\ 
•igents to pu-'h on then tiade ind to .uhocatc* and poind. ui/e its use It thu 
came .ibout that, e\en wlicn ie->ii iction-- weie impo'ial the uto of the drug 
was nut cuitailod but lathei spieui muth that cocaine to-cla} is •' 
well-known (oinnioditc to niaiu ot tlie inhabit. Hits ot huge towns in Indi.i 
It IS populaih belicwed to be i sexual stiniul int, ind mam stait it for tlm 
puiposc 1 he othei .ittiaction toi lt^ use is that it h.is a most e\tiaoidinar\ 
effect, tcinpoi an though it be, m 1 ipulK o\ei coining ment il .is well as ph}sic.al 
tatiguc .ks we h.ice .alie.ul} st.ited, its use lapidK spio.id lioin Calcutta to 
laigc towns along the two mam lallwa^ loutes thiough the United Piovinco' 
into the Punjab uid to the Noith-A\cst Iiontiei Pio\mce and e\en to the 
tubal teiiiton on the Noith-Wcst Fiontiei ol India The diug w.as ako 
smuggled into Bombac and on th.rt sale its use spicad to difteicnt huge citiO"' 
of the Bomb.n Piesulemc (eg, Alimedab.ul ), Cential India and the Centml 
Pimmces c have been mipiesved b\ the fact that it was the l.aige towns 
along the mam iadwa\ lines fiom Calcutta and Bomb.n which weie aftected 
Laige cities along the bianch lines lem.uned liec iioni this ukhction 01 weic 
onlx aftected m exceptional c.iscs The onh pait ol Inch i wlicie the habit 
seems not to be known to am extent is the Aladias Piesidencv 

It IS cei} difficult to foim am accuiate estimate of the pievalence of 
addiction to cocaine m difteient towms, foi the habit of taking this diug Js 
geneially consideied to be so disgiacetul b^ the people that no self-iespectmg 
person will owm it Besides this both the sale as well as the possession of 
cocaine is illegal, and the po^^sessoi of the chug as w^ell as the dealeis aie liable 
to piosecution and punishment imdei the Danger ous Drugs Act Oui woik 
m the field was therefore vei} difficult and delicate and sometimes dangerous 
After several years of jratient wmik w^e have been able to form some idea of 
the prevalence of this habit among the people of India We are specialh 
grateful to the excise authorities for then help and co-opeiation in this woik 
But for the personal interest many of them took in this leseaich it wmulcl have 
been difiicult for us to make any headway We were sui prised to find that 
not only 1. the habit getting hold ot the ignorant masses in the lower stiat.i 
of society but some of the wealthy families wuth education and cultuie aic 
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also falling a piey to this chug The addiction in fact is spieading among the 
female membeis of mam of the well-to-do families paiticulaily m the United 
Piovmces and to a lessei extent m the Punjab and m Gujiat The dealeis 
in this diug fully realize that unless they get hold of the wealthy people who 
can aftoid to pay a high puce foi the chug, it would not be woith then while 
to caiij on this lathei hazaiclous tiacle They theiefoie do then best to 
mtiocluce the chug into the homes of iich people thiough the agency chiefly of 
betel leaf selleis and seivants The most populai wa> of taking the chug 
in India is m a betel leaf incl it is cjuite an easy mattei foi a designing peison 
to put the chug in a ‘ pan ’ and mtiocluce it into the household of unsuspecting 
individuals vho become so iinpiessed by its extiaoidmaiy effects that not in- 
fiequently the habit is acciuiicd without leahzing its clangeis It is also foi 
this lea-oii that addiction to this chug is moie pievalent among the section ot 
population who aie m the habit of chewing betel leaf 

We have tiiecl to foim an idea of the pievalence of the habit in India 
bj caieful mquiiies in the towai^ wdieie the habit is knowm to exist Although 
it IS not possible to make an accuiate estimate of the pievalence of this addic- 
tion, we can foim some idea of its clisti ibution among the populace The 
excise authoiities know the peisons w’ho aie cany mg on this tiaffic and m 
vaiious piovince«, tlieic being punted lists of those engaged in tiafficking in 
cocaine The authorities aie poweiless to put an end to then activities, 
because of the gieat chfRcultj of pioving the offence in a couit of law^ Manv 
of the pei«ons dealing in this tiacle aie clangeious individuals, and people aie 
afiaicl to come foiw'aid and give evidence against them and inoie often than 
not the ca-es biought against these peisons fail 

In the following map w'e have loughly depicted the infoimation we ha\c 
obtained with legaicl to the pie\alence of cocaine habit in India 

We have giouped the diffeient towms unclei foui classes In class (1) aic 
included towns m which the addiction is veiy pievalent 0 5 to 1 pei cent of 
the population taking it In class (2) aie given those towms in which the 
addiction is faiily piecalent, le, ‘^omew'heie between 0 25 to 0 5 per cent of 
the total population In class (3) aie mcluded places wheie addiction is in 
existence but to a veiy small extent Foi instance in a town of 20 to 40 
thousand souls theie ma> be 10 to 20 addicts In class (4) aie included those 
towms in which the habit is ju'^t being intioduced The smallei and laigei 
distiibuting centies aie also depicted m the map 

A peiusal of the map will show that the woist piovince so fai as cocaine 
addiction is concerned is the United Piovmces wheie the chief centies of 
iddiction aie m the following towns Lucknow, Sahaianpui, Benaies, Agia 
\llahabad, Aligarh, Baieilly, kloiadabad, Rampui State, Aleeiut and Cawmpoie 
come undei the class (1), Ghaziabad, Muttia, Alirzapui and Furiukhabad in 
class [ 2 ) Jaunpui, Fatehpui and Dehia Dun m class (3) Theie are a large 
numbei of smaller towns in class (4) into which the habit is just being 
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lidUrLoon .‘tc Kfci’.c'l iioni AniQ_ b, ChinC'C-o .ncd Horg of reaiLcn 
pO hci. f f ii Aijio and lu'iii^oun Cijjiia u-lIi iu. nui .c^urt .3 r.o ctia.ns b^* 
ijijpoit- If iioin / ipan ami i^niujic A < piuit iiiiUiL in Buru’^ in I 92 S Jii-i-ied 
'Oint ittin- iaaiiir.' tin, iiaiin ol i iLj/Utt(i firm in Gtrin 'n_ , ii .tr:, traced 
to I (<m'i^nm<ii( -uit lo i (.iiim.'C firm oi tiitmi'is it Aiiio_. f^Iost o: tne 
tocaim v.imii i- iitm'^ infuid bt ti- label- wimh ire tiuirch litiit’ou; Tne 
I ommom -l im i iMiii m liiai oi lujit-mu br^md -iiov my a -tork in Trfii 
a mountain m llu iiat k yiound I’lom iht iniorni *11011 v.iiith it has been 
lio--iblc to yiiliii in llu- (oiiniie it ippiai- th it tiii= br ind 1= nacked and 
labtllffl ind uducfl b’, ilic C’ah iiita-bound c iiiici= in Japan, but thar a cop} 
ol the iabf 1 ol tin- Inantl i- mad< u-o 01 b} dcilci- in Amoy who put up an 
a'lulUiatctl DioiliKi foi (k-paidi Horn there to llaiiyoon Other fietinous 
biaiifk found lUe tin Ideiih tnt, Buddh i, K '5, and Taemnun As there is 
no hue ol -ii^unei- that come- duett to India tiom Japan without calliny at 
a Chme-t [joil, it tamiot lx pioted ab-olulth tint the -ouiee m Japan and not 
m ('lima l.qnn, houeeei, i- known to luiee 1 letoiics but China has none 
On lh( ot'id h.uid China ma\ ytt it-. -uppK lioni Euiope Side b% side with 
lht-(‘ (utitious biiind-, (ocitint 1- al-o loiiiul beating the labels 01 genume 
f.tpane^e fat tone- namel} the Ilo-hi, Koto bei} aku Takeda and Sankto 
film-, and it 1- an mt(ie-ting fad that eotaine found with Japanese smugglers 
in till- (ounti} — foi theie aie Japanese* engaged in the Indian import traffic 
loo — heal eilhei tliese genuine Libel- 01 nunc at all, an} wa^ not those of 
flu* I'’njit*'Ui u, Klepliaiit, elt A- f.ii a- (^in be a'^cei tamed, Amo} supplies 
Buima and no otliei pknt, C.deutta -upphe- tome fiom Japan, eithei direct 
01 ti.iinliiiiped at Hongkong 01 Singaiioie The chug i& biought m hidden and 
111 ‘■onie tase- (*ven tlie ollieei- of the -hip ha\e been implicated, it is stowed 
iw'ay in all -01 1 - of maeces-ibk ])kite- m the* boats On account of its small 
Inilk tin* landing of the diug doe- not aiipcai to piosent much difficult} to 
Iho-e engiiged m the tiaffic It 1- often not biought into the poit at all and 


ih llnow'ii oveiiioaid in watti tight packets iid 
whole it 1 - pnkecl up bv a veiv oiganizcd 
huge (imintitie- of the diug find tiieii w'■a^ 
haiuTs ol huge dculei- 

The amount seized b\ the Calcutta c 
ounce- and expeiienced ofRceis place the 
of the (piantity ictualiy got tinough, this i 
250,000 ounce- vocamc wa- successfully - 

'inpetcnt authoiitics th 
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-imount of cocaine smuggled is heavily adulteiated by the dealers in this 
eoimtiy 

It IS not neco«=:aiY foi ii« to go into the details of the devices specially 
cmploved by the smuggleis These have been dealt witli in some detail m a 
pamphlet b's ^Ii A T BhaigaNa of the Ciiminal Investigation Depaitment 
m a pamphlet published bv the Oiiental Pi ess of Allahabad m 1916 and can 
be added to indefimteh It vill be sufficient heic to say that many extia- 
ordinaiy and noiel methods aie used which enables laige quantities of the 
diug to be smuggled tluough into the hands of oiganized gangs m centies like 
Calcutta and fiom theie to diffoient touns up-counti\ Theie is m existence 
a yeiy elaboiate sastem of the di^tiibution of the diiig fiom the poit of import 
to the remotest ton ns m India Depots haye been established by the tiaffickeis 
in towns wheie theie is demand fiom whicli the letaileis know how to get 
their supplies Oidinan people in the guise of menials, such as giass-cutteis 
cobbleis 01 laboiiieis wliom nobocK would even suspect aie usualh employed 
foi bunging the diug Sometimes puidah w'omen in a ‘ buika ' act as caiiieis 
E\en lespectable looking \nglo-Indians and Euiopeaiis tiaielhng in 1st and 
2iid class 111 the lailwais InAc been found in ]iosscssion of laigc quantities of 
cocaine The distiibution to the addicts is effected chiefly tluough the agencr 
of 'pan' 01 betel leaf sellers a« well as tluough waudeiing pecllais wath no 
fixed abode 

We hare stated that the drug smuggled into the countiv is not infiequenth 
aheady adulteiated The letail dealeis fuithei adulteiate it wuth cheapei 
similai looking products such as phenozone, acetyl sahcylas potassium nitrate, 
etc , the last named because it impaits a sense of coolness to the tongue 
somewhat lesembhng cocaine One consignment recently captuied in Delhi 
consisted of pine phenozone The ding is then made into small packets oi 
hfafa ’ containing i to 3 giains each and is handed ovei to the pedlais w'ho 
are peisonally in touch wuth the addicts The police and excise anthoiities 
have made a large number of aiiests and theiefore these people are getting 
more careful As it is unlawful to possess oi to sell cocaine, they do not cany 
it on their peison They place the packets in some nnfiequented place and 
radicate the situation to the addict aftei they have received the puce The 
wholesale and letail dealeis who keep stock of cocaine are to be found in 
different towns and in many cases are known to the police Actual piosecution 
and arrest are, howevei, veiy difficult because the traffickers are veiy clevei 
ID evading the law Thej hare got effective methods of disposing of the diug 
at a moment’s notice when then places aie laided by the authoiities The 
favourite method is to keep some water handy and as soon as a police laid is 
apprehended the drug is thrown into watei dissolved and the solution poured 
into the neatest diain It thus comes about when the police enter tlie place 
and search they do not find any tiace of the ding Canieis of cocaine from 
one place to anothei aie veiv laiely caught by the excise authoiities They 
carry small quantities which can be easily concealed on the peison and when 
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bunging ooc uno fiom big uMitioi tlu-i ih’diiU* oitin do not disembark irom 
the linin at big uioii'' wiuu tlu\ nu likoK to ineii t\(i'C guards Thei 
fieqiicntK get out in ■'in dl '■ubml)in oi u i\-'idt i ulu i% -'lation-' and comei 
it b} load to huge touiu Mmii ii -onu oi tiuin lu aiic-ited tlie\ aie pud 
\^ell enough to go to j id uid not to gi\i thi i liu t lulpiit-i a\va\ Very often 

aftei doing a teu inontlu hard 1 d)om tliiv (oine out and it'Orne tlicir trade 

Tliiib the leal ini-oiu who in in igi ilu inuiiu"' ot ■'inuggling locaine on a large 

scale not onlv e^iaiie but glow \ti\ iiih b\ thu ntl.iiioU'' tiade 

The betel Icii "ellei and wouun oi low inoial') -utli u piostitutes pla} 
an impoitant pait in the >pieid ol tiu lialnt to then elunt" Tiie\ are some 
timcb the nicdiimi tluough whuh the diug u 'tdd ' 111(1 the\ induce their 
customei^ to bin it and indulge in it V nuiniici ot oui iddict> attributed the 
beginning of the habit to then i-'-'Oi i-ition with the-t women 


.In nnnliitu (il stndti of 200 ol loiinnc addiclwn 

These ca«c-' weie not (olleited l)\ iin -eleitioii, the uldiitb wcic examined, 
the histones and "Miiptoin-' weie leunikd is the\ weie mot Majoiity of the 
cocaine eateis haded iioni Delhi noitheiii towns ot the luiitcd Pi ounces and 
southern towms ol the Punjab The iddats weie not seen onh once but with 
many of them, Cbpecialh those lioni Delhi, it was possible to nnintain contact 
foi months so that a moie detailed and thoioiigh stuiK was possible It mav 
be mentioned heie, howcvci. that the% all haded tioiii the lowei stiata ot 
society such as aituan and menial chibs Foi obxious leabon we could not get 
any of the bettei cla'^s pcojile who indulge m the diug to come tonvaid foi 
examination We met a nuinbci of them, howcxei, and aie able to say that 
bettei hygienic condition'^, good food, etc , did not make much diftcience aa 
legaids the symptoms and physical effetts piodiiced bx the diug In fnct we 
found that xvealthiei people indulged m laigei quantities ot the chug and m 
them the piocess of physical, mental and moial degcneiation piogiessed moio 
lapidly 

Race and lehgion — The followung is the division of the cases accoidmg 
to the religion 


Mahommedans 

125 

Pei ceiitagc 
62 5 

Hindus 

68 

34 0 

Christians 

4 

2 0 

European 

3 

1 5 


Total 


200 


100 0 


It will be seen that the majoiity of oui cases wmie Mahoinnieclans (62 
per cent) and next come the Hindus (34 0 pei cent) Oui impression of othei 
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parts of India also is that propoition of Mahommedans taking the ding was 
considerabty highei than the Hindus m the class of case we weie able to study 

Causation of cocaine addiction — perusal of Table I will show that 
55 5 per cent of the addicts contracted the habit by association with other 
addicts ana 20 5 pei cent of these by association with women, 21 pei cent 
were well-to-do people who took the diug as luxury and for pleasme, 10 5 
per cent were actually canjing on traffic in the drug, 6 5 per cent took it for 
worry and fatigue, and 4 5 per cent out of meie curiosity In only 4 per cent 
was tlieie anv histou of disease, w'hich is a great contrast to the causation of 
the habit in western countries In many cases the history given was that they 
were introduced to the drug bj persons carrying on the traffic 


Table I 


Showing causation oj cocaine addiction as woiKed out jioni a senes of 200 

addicts 



ISSOCUTION t 



1 

J 

1 


t 


Association 

with 

males 

i 

Association , 
■with 1 
females 

LuxTirj 

and 

pleasure 

1 

Traffic 

in 

cocaine 

1 

Fatigue, 

■worry, 

etc 

Curios- 1 
ity and 1 Disease 
fancy | 

Total 

Number of ' 
iddicts 

70 

41 

42 

1 

t 

21 

1 

13 

i 

9 

1 

4 

1 200 

1 

Percentage 
of addicts 

35 

20-5 

21 

lOrS 

&5 

45 

2 

100 

1 

1 


Duration of addictions — Table II gives the important information as to 
how long the habit of taking cocaine has been going on m India It will be 
seen that in onlv tw'o eases was the habit contracted over 40 years ago, 99 0 
per cent having used the drug for less than 40 years The use of cocaine it 
w'ould appeal, was first started not more than 40 years ago in Northern IncLi 
45 years ago the drug was unknown there This table also brings out the 
interesting fact that cocaine habit has been rapidly increasing m this country 
of late years It wall be seen that 64 0 per cent of our cases started it during 
the last 10 years, 27 5 in the previous decade and 13 5 per cent in the decade 
previous to that It will be noticed that the increase during the last ten years 
IS very considerable This table also brings out the interesting fact that once 
the habit IS formed, it is difficult to break off and m the majority of cases it 
IS continued for long periods ^ 
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T\DrF II 

ShouuKi the (tindtion ol tiddit lion <i-> noiLul out in n tic'y of 200 cocaine 

Ullflti /s 


Hi I’vriDN IN 


1-10 3Lu> 


Number of 12S 

addicts 

Pci cent ige CIO 

ol iddict^ 


Table III t!;i\e' •'Oine iiiteu tut- 'The loininonc't i^o ot contiacting 
the habit i'' between 15 and .10 \eii'> oi i<j;t In ii in.iiu “i" 19 pci cent the 
habit was *>1 uteri e.uh between tin me- oi 10 mil 15 \t iis, fhowuig that the 
(hug w a'' eon\e\e(l to ihi* bo\'' eithei thiough the igen(\ ot pcdlais oi thiough 
"'Cn ant'^ in well-to-do lainilie- 'The xa-t inijoiitx ot the iddicts (70 5 pei 
cent) btaited the habit between the ige- ot lb and 30 mote than halt of tlih 
numbei being between IG and 20 xcai- ’^Tln- table biing» out the fact that 
cocaine habit in India i-- ehieflx a habit ot the 2nd oi 3id decade of life when 
the bGMial lunctioiib aie at then highc-t and se\uil in-tiiitt doniiiiates In a 
small minoiitx oiiK the habit was staited in latci life 


ll-JOMir- _'1-.!0\I IM !!-tU\i 


irs 


tl-IO^eara 151-60) ear 


1 f» 


to 


1 0 


^lI 


T VBLC III 

Showing ciqes at which the adchifwn was stalled in a senes of 200 cocaine 

addicts 


1 

Years of age 

A^C.LS Ol Tin- \DD 1 CTS \T WHICH THt. HIUIT W IS STXRTEO 

5-10 yeais 

w ! 

u u 

a c3 

o o 

O 

2 2 

1 

t 

1 - ' 'c 

1 CJ o 

15 o m 

CO CO 

1 o-j CO 

i 

n 

c5 

0 

r-* 

0 

T 

to 

CO 

1 1 
i ' ^ 

3 : i 

0 

'V 

c 

rt 

IC 

Number of addicts 

Percentage of addicts 

6 32 ^ 72 

3 0 16 0 36 0 

41 28 Q 

I 

20 5 U 0 4 5 

4 

20 

3 

15 1 2-0 

I 

1 

05 


Piesent age of addicts— A peiusal of Table IV show^s that no cases occuired 
befoie the age cif 15 yeais This is not due to the fact that the habit is not 
started befoie that age, but because foi obvious reasons such addicts would 
not come foiwaid foi examination Betw^een the ages of 16 and 40 yeais the 
incidence was 77 5 pel cent, between 40 and 50 yeais 13 0 pei cent, aftei 
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50 veals^elY few casc=: occuiicd It will be obseived that 90 5 pei cent of cases 
occiuied between the ages of 16 and 40 yeais Fioin this it would appeal 
that cocaine habit in this countij is an addiction chicfl-s of j'oung age It 
begins with adolescence, i caches to inaxiimiin between 21 and 40 and then 
declines rapiclK as ige ich ances It is thus i habit confined mainlj’ to the 
peiiod of life it which the se\ impulse is piedoininant, le, the sexuallj' 
actiie 01 loniantic peiiod of life This table fuither bungs out the fact that 
indulgence in the chug acheiseh effects the longevity of the individual, 
probabh nlan^ of the addicts In mg not much longei than 40 -sears 

Tvble IV 

Shoiiing the piesent ages in a se)tet> of 200 cocaine addicts studied 


PnESENT ICES OP THE IDDICTS 



Occupation ot vocation followed by the addicts — ^It will be seen that the 
majority of addicts aie fiom the artisan class, shop-keepeis, hackney carriage 
drivers and tradesmen, w'ho make a modest living The rest came from 
practically all classes of people chiefly the menial class Many of these 
men earned Re 1-8 to Rs 2 per day, they spent only half or sometimes less 
than that for then food oi for the maintenance of then families, the balance 
■was spent on buymg the drug 

Table VI gives information regarding the existence of the habit in othei 
members of addict’s family, its prevalence among the married and unman led 
individuals and sex incidence, the association of the habit -with othei intoxi- 
cant drugs, and daily dosage taken by the addicts 

Heredity — As regards the existence of the habit among the parents and 
other members of the addict’s family, it wull be seen that m 192 cases out of 
200 there was no histoiy of addiction in the family, of the remaining eight 
in seven onlj one other member of the family took the chug and in the case 
of the remaining one more than one member was addicted The cocaine 
habit m India, howevei, has not lasted long enough for determining its effects 
on heredity 

Mainage and /ecundity —Matrimony as a factor appears to be of some 
importance m this addiction as more than 60 per cent of the addicts were 

J . \tR _ 

’ 20 
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Tmili ^ 

Shoiiinq occupation oi loiatum toUoin d bq a of 200 cocaine addicb 

.studied 


Number | 

1 

1 

Oiciipition j 

t 

Nuinbi r oi t i-es 

Percentage 

1 

1 ' 

1 

m 

■JO 

250 

2 

No uork 

2J 

115 

3 

Shop-keeper 

22 

110 

4 

Cocimc ‘-eller 

11 

55 

5 

Tonga dm or 

10 

50 

6 

Tridesmau ) 

s 

10 

7 

Betel leaf teller 

7 

3-5 

S 

Labourer 

7 

3'5 

9 

Beggar 

6 

30 

10 

Stall-keeper 

5 

25 

11 

Prostitute 

.) 

25 

12 

Musician 

1 

20 

13 

Cleik 

1 

2-0 

14 

Domestic servant ' 

1 

2*0 

15 

Mechanic 

t 

20 

16 

Butcher 

1 

2’0 

17 

Sweeper 

4 

20 

18 

Police pensioner 

3 

1 5 

19 

Agriculturist 

1 3 

15 

20 

Priest 

2 

10 

21 

Peon 

2 

10 

22 

Household woman 

2 

1 

ro 

23 

Confectioner 

2 1 

10 

24 

Excise informer 

2 

10 

25 

Wrestler 

1 1 

0*5 

26 

Painter 

1 

0-5 

27 

Jeweller 

1 

0-5 

28 

Compounder 

1 

0-5 

29 

Hakim 

1 

0-5 

30 

Landlord ' 

1 

1 

1 0*5 


Total 

200 

lOffO 



ccts oj heredity, sex incidence, association with othei diuos and dosaae in a senes of 200 cocaine 
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uninaiiicd, which in i (nnnti\ tiki fnilia n limh jicuentaf'c Out oi the 
78 inanicd indiMdiad'- n hid and 20 had none The ''CiiCs of cae 

lb not huge enough to i n ihle u- to di.iw aiu (ondii-'ion icgaiding the effect 
of the ding on tlu le(undit\ ot tlie additt- 


imulcme In oin '-eiu-^ oi J()() (,i'i-> 10, } uiu inalca and 7 feraalea, 
of 7 female-, two weu hon-thold wonan ind weie pio-titutCN These low 
figincb among female-, au ixplaincd l)\ the t n t that mo>t ot the women who 


take the ding would not tome loiw nd to he examined It docsi not mean 
that the me idem e oi the habit among women i-, -o low We lune personal 
knowdedge that the habit i^ not nmommon among the female members of 
well-to-do families m the Initial Pioenues and paits ot the Punjab 

Assoiiation of toianu habit uith otlui dnui-y — In 125 ot oui addict, 
theie wa'^ no histon ot taking -ome othei euphoiic ehug, 45 took one drug 
and 30 took mote than one dings Vliohol is taken b\ man\ of the cocainists, 


next comes opium and histK (annabis tndua pieiiai.itions ‘Chaias’ and 
Bhang A pei-^on imliilging in eoeaine will not hos-itatc to take any other 
intoxicant chug if he cannot get his dose ot the alkaloid 

Dosage— A pcuisal of the Tible will show that 15 pei cent of the addict 
took doses of 1 to 2 giains daih, 21 5 pci cent 3 to 1 giains, 24 pei cent 
5 to 10 giams and onh 9 5 pci cent took dose^ laiget than 10 giains daily 
In consideiing the do^^age it should be lemcmbeied that this appaient dosage 
does not by any means lepicsent the amount of the alkaloid actually consumed 
Most of the cocaine sold b\ the letail dcaleib is veiy badly adiilteiated and 
it may be safely said that manx of the addicts did not actually consume half 
01 even a thud of the quantity of the puic alkaloid stated to have been 
consumed The aveiage close of an addict fiom oiii senes would work out 
to be loughly 2 to 3 giams of the adiilteiated chug daily 


Etiology of cocaine xddiction 

(1) Association Cocaine habit in Em ope and Ameiica during the last 
decade, has in the majoiity of cases been acqiiiied aftei using the alkaloid 
as a medicine In India, howevei, the case is entiiely chffeient In this 
country the habit is to some extent confined to the class of individuals who 
IS rnoie oi less addicted to othei naicotic chugs such as opium, ‘ganja’ or 
a CO efi, but it IS often met wuth in people who aie not using any other chugs 
The chief cause of the habit is association xvith othei cocaine addicts or people 
who are takmg othei narcotic diugs It is a cuiious fact that people addicted 
to euphoiic drugs always try and peisuacle then fiiends and acquaintances to 
ly e ^ug of this choice We have come across cases where betel leaf with 
cocaine had been given to an individual without his knowledge at first and 
he afterwards became an addict Many of the oldei addicts told us that their 
rst introduction to the drug was by the tiaffickeis in cocaine who came to 
lem an 0 em that they will give them something which will pioduce 
most wondeiful sensations and effects They were given the first few closes 
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gratis and wlien they appiecnted the effects they were so much attiacted by 
tlie diug that they spent all then foitune m buying it and doping themselves 
with it 

Otheis tiy the diug out of sheei cuiiosity Some of those belonging to 
the lattei gioups get such seveie reactions aftei taking it that they will not 
repeat the expeimiont Otheis, howeiei, generally the class of individuals 
vhose mental equilibrium is not stable, get such chaiming and attractive effects, 
tenipoiaiy though they be, that thej ilmost uivaiiably repeat the experiment 
at then own expense and in this way giaduaily become victims to the habit 
Young and raexpeiienced lads often become addicted and ruined m this way 
We have known many cases m which bo>s m the towns have contracted the 
habit through the agenc} of then menial seivants oi other designing persons 

(2) Foi Its pleasw e- giving effects and as a Immy — Cocaine m India is 
more oi less an addiction which is confined to people with licentious and 
VICIOUS habits Sexual vice and dissipation aie very pievalent among this 
class and they aie alwmjs anxious to find new' avenues of pleasure-giving 
sensation Some, especially those belonging to the indulgent rich class, take 
it because then senses of appreciating pleasuie aie tiied and they want some- 
thmg to stimulate them so as to be able to appreciate pleasurable sensation 
to which they hare become insensitne thiough long continued usage Such 
persons may be addicted to other drugs and are at the same time m search 
of new sensations This class is not uncommon in large towns even among 
the aitisan class because the surioundings here aie unhygienic and people take 
to drug habits for want of healthy recreative occupations Theie is also the 
idle rich class aheady lefeired to in towms who have nothing to do and who 
indulge in the use of euphoiic drugs for the sake of having something to do 
and to make life worth living 

(3) Fat serual gtatification — Cocaine is one of those drugs which are 
lery frequently used by the women of the underworld and prostitutes not 
onl> for then owm use but also foi the licentious people who visit them, with 
the idea of gnmg them new pleasuiable sensations and stimulating their sexual 
desires We wull deal with the effect of this alkaloid on the sexual faculties 
latei It wall suffice lieie to say that the effect of the alkaloid is a temporary 
stimulation of the psychic areas, the mental excitement resulting from it 
giving a semblance of aphiodisiac effects in some individuals certainly in the 
female sex 

(4) Fatigue, woiiy and strain— These aie among the commonest causes 
of cocaine habit m the w'estein countries, but such factors do not appear to 
play a veij impoitant pait among the Indian addicts Cocaine undoubtedly 
1 enrol es the feeling of fatigue and hungei foi the tune being and gives a feeling 
of self-satisfaction and forgetfulness to the peison, wdio geneially takes it 
tow aids the evening after the da>’s work is over As the effect of one dose 
lasts for a shoit time onh , the desire to repeat it at frequent intervals becomes 
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iiiCbistiblo in tho ‘'0 mclnuluii-' ninl tlit\ nnh loiom) the next dO'C if its acquu 
tion i'3 bexond tlieu ine'uis 


(5) Dii,cUi,c — Till" ii i \ii\ Kill i*iii"t 1)1 the luibit in this toiinln 
although in x\e"tein (ountiiC" it mount" toi .i Inge nuinber of addicts 
diicctly 01 indiieitl}, In oui "Uii" ol 200 t .i"e" ut onl\ e.inic acioss intli 
2 cases \xho ^taited the h ibit bciaiKi it leliexcd ittackT ol a"thnia irom idiicli 
thej x\cic suficiing and loi x\hich the\ lu"t took the thug 


(b) City life and coLaiiic addutwn — Coi une addiction in India is cliieSy 
confined to dwcllei" of towns? and dtie" In"uuiu\ condition, o\ercroi\ding, 
want of hygienic and healthful leucatiou", the "tiain .mil sstrC's? of life in large 
towns all incdi&posso to addiction to luphuiic ding" Cocaine addiction is 
piacticallv unknown m the luial iic i-, at the pie"ent tune bcc.ause the economic 
condition of the ]icople does? not allow them to "pend then hard-earned inonej 
on such an expen^ue diug and p.utK becaiKO the habitue will at once be found 
out by othei" and will thus be disgi.ieed 


(7) Neivous and psyclioloyital Jactoib — Cocaine h.ibit, like naicotic diug 
habits, IS chiefly confined to mdixidual" who"e ps-xcluc condition is m an 
unstable state of equilibiiuni Most ol the addict" we exaniined could be put 
undei twm classes (a) weak-minded phlegmatcs? and mentallv dull and deficient 
individuals, tlieic may be faniih liis>toi\ of insanitx, alcoholism oi neuiosis 
in such cases Those individuals aio genei.ilK unable to stand the ckiilj sticss 
of life and often lesoit to chugs to enable them to cany on then daily loutme 
Such people do not lesoit to a chug foi "cxual oi mcious puiposes but lueieij 
foi its stimulating and euphoiic actions e ha\e pointed out elsewheie, that 
this IS the common cau«e of opium habit m Incli.i and wm aie emphatic that 
this factor also plays a veiv impoitant pait in cocaine addiction in this counts 
Aftei the dose the patient w’ho xvas iiiitablc and depicssed becomes se 
confident and checiful and able to face the wmilcl with foititudc (b) luitabe, 
neivous and hypei sensitive tempei aments These persons foim a smaller 
gioup They become easily upset and aie luit.atcd b}’’ small w'oriies an 
pin-piicks of life of which noimal individuals take no notice They wa 
some sort of a depiessant oi a narcotic wdnch w'ould m.ake them foi get their 
mental wmiiy and give them a sense of lestful sleep and a quiet life, oi 
stimulant which would give them apparent courage to face then tioublcs 
fortitude We have met people who were of a xmiy niitablc .mcl quaiielsoine 
nature and who lesoited to a diug foi this reason Many such people un e 
the effect of opium oi cannabis indtca become entiiely changed 


Methods op taking cocaine 

Aftei the isolation of the alkaloid the chief method of taking the clmg 
in the western countiies was by hypocleimic injection and owing to difficulties 
of administration the habit did not spread to any great exdent at that time 
Soon, howmvei, the easv method was discoveied of taking it in foini of snu 
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and by nibbing it on the gums This was quickly followed by spiead of the 
habit to laige centies of ncgio population in the United States 

The most common method of taking cocaine in India is by putting it in 
‘pan’ 01 betel leif That is the leason why addiction to the drug is more 
prevalent amongst people who indulge m ‘pan’ eating As is well known the 
betel leaf is taken by mi\mg it with small quantities of catechu and slaked 
lime, a little betel nut oi sometimes spices such as cinnamon, caidamom, ginger, 
etc , aie also added The diug is eithei mi\ed with the spices and then wrapped 
m tlie betel leaf oi some of the addicts place the alkaloid on the dorsum of 
the tongue and then chev a ‘ pan ’ immediately afterwai ds Addicts who have 
been indulging m the ding foi a long time geneially put the cocaine on the 
tongue and meiely take a little lime and catechu afteiwaids dispensing with 
the betel leaf It is said that by doing this the action of the diug is enhanced 
and the effects pioduced arc stiongei Raiely the diug has been taken in 
foim of a solution, obtained on a doctor’s piescnption, the addict sipping the 
solution at inteitals following it each time with a betel leaf The method 
of lubbing the drug into the gums oi taking it as a snuff is up to the present 
time unknown m this countiv A rare method which is sometimes used, 
particulaily by the piostitutes, is that of injecting a solution of cocaine into 
the vagina by means of a douche can This gives the individual a sense of 
local constriction and the geneial systemic effects appear almost immediately 
The se\mal act is said to be piolonged if the drug is admmisteied m this way 

Si MPTOMATOLOGI OF COCAINE ADDICTION 

From a careful study of 200 cases which have been analysed above we 
have been able to foira some idea of the symptoms and effects produced by 
cocaine on Indian addicts By getting peisonally in touch with the addicts 
we could get their own desciiption of the symptoms which weie produced after 
the drug was taken 

Immediately after taking the chug there is a slight smarting or tingling 
sensation m the tongue, the lips feel swollen, dry and thick Theie is nutation 
in the fauces and sensation of constiiction in the throat Soon theie is a 
complete loss of sensation m the oial cavity, tongue and lips There is a feelmg 
that the tongue is missing fiom the mouth After these piehminary sensations 
which last only a few minutes, the diug begins to gam entrance into the 
ciiculation and this is the beginning of the stimulant stage There is a slight 
feelmg of dizziness or heaviness in the head, there is a throbbing sensation in 
the arteiies of the neck and palpitation of the heait The unpleasant sensa- 
tions of confinement and air hunger sometimes occuiring after subcutaneous 
injections is not fiequently met with when the diug is taken by the mouth 
unless the saliva is swallowed or enters the stomach by trickling through the 
cesophagus The pulse becomes slightly full and quick, but as a rule does 
not exceed 100 to 110 pei minute There is a very pleasant feelmg of heat 
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all o\ei the bo(h IhcMc i" a that ■'Omctluii'; i" being chawn awa\ 

fiom the hiiib'' tow aid" the head tnd the mouth and a peciiliai delicioua feeling 
IS peiccptible in the legion ot the tongue d’he (ai" lieiome hot and red, the 
cheeks become jiale, tlie tip ol the no"t bKomc" (uld, and tlie patient begins to 
peispiic on the loiehcad and u\ei the netk Thc'C j>\ mptoina are nioie common 
m the eaih stage" ot iddittion, but aie haitlK peiccptiblc in confnined addicts 
of long btanding iinlc"" the\ take an oveidoae 

I3\ till" time a petuhai "en"ati()n ui e\titomcnt i" felt b} the mdnidual, 
he feels chcciful and h.i" a "dilation ol lomtoit both in the mind and the bod\ 


lie feels- capable of vimlei taking m\ thing ho\stsei ddlicult, whether it ma\ 
in\ohc plnsical oi mental ctioit Dm mg thi" jieiiod the jiatient looks aerv 
keen and excited, hi" e\ 0 " aie hiight and he talk" Loheientl> Complicated 
intellectual woik max he done dm mg tlii" peiiod without mistakes Tlic 
mci cased seiisitncne"" ot llie "en"e iienc" m ike= inopei conception of nene 
impiession po"Siblc The addiet get" agieeable liallucinations, he imagines 

himself to be a wealth} man sueli a" a Hajah oi a Niwab Dining this stage 

he may walk along the stieets contnuioU"l\ foi hoiiis without feeling fatigued 
His eyes ma} be glued on to the giound and he imagmos he is looking for 
gold and tieasuies, instead ho picks up lubbish and stones from the giound 
and othei ai tides thinking them to be iiclic" and at tides ot xaluc These he 
caiiies on his poison till he iccoxcis fiom the ollcet" of the dose and finds 

them to be uselcs" Dining this time he is all aid ot being lobbed and fears 

eveiyone he meets The fcai ot c\ei"e aiithoiities oi the police aie piominent 
among the hallucination's occuiiing among the pooici class of addicts in India 
The indication of the maximum amount of hilaiitx is maiked bx coldness o 


fingei ends and dilation of the pupils 

AVhen chewung the betel leaf the addicts as a lule liaxm a maiked objection 
to talking As the leaf is chewed the mouth becomes full of salixxa and there 
IS a pleasant sensation as if the whole caxutx is full of buttei xvhich spoken 
woids might dissipate The addicts as a nile do not swallow the salnu but 
letam it m the mouth and gix'c it time foi absorption fiom the buccal cavit) 
The reason foi this appeals to be that if some of the sahxm containing cocaine 
gets into the oesophagus and the stomach it gixms rise to a feeling of constiiction 
and discomfort rn the throat and the chest Besides this the drug is inoie 
quickly absorbed from the stomach unci produces a more intense action wliici 
in the irainitiated may be so seveie as to pioduce a mild collapse OidinaiU 
these symptoms consist of confinement, an liungei, feeling of seveie oppi^ssw^' 
m the chest, dizziness and heax'-iness in the head They theiefoie do no 
sxvallow^ the saliva to escape the concentiated effects of the drug The acidic s 
also fiimly close then lips and axoicl talking to friends, xvlien they aie chewung 
a ‘pan’ containing cocaine They aie afraid that if they speak some of tnc 
drug ma} trickle down into the gullet and stomach oi may flow^ out of tie 
mouth The old and expeiienced addicts, liow^ex^ei, do not hesitate to swalloi' 
the saliva to get stronger effects from the close Tho^^e xxdio aie new' to tlie 
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diug and aie afiaid of its stiong eftects e\peetoiate the saliva aftei chewing 
the betel leaf 

The stage of excitement aftei cocaine lusts fiom 45 minutes to an lioui 
or an hom and a half Theie was a good deal of diffeience of opinion among 
the addicts regaiding tlie duiation of the stimulant stage undoubtedly due to 
the fact that most of the diug supplied nowadays is adulteiated to a greater 
or lesser extent The addicts who liaie been taking cocaine foi long peuods 
definitely stated that the puie diug which they used to get m old days had 
a much stionger and lasting action than tiie adulterated commodity they are 
getting at the piesent time The effects, thej aie emphatic, ceitainly lasted 
1 hour to U horns Thej also said that m six months the puie alkaloid 
reduced the victim to a state of ph>sical and mental wieck, he became pale 
and chin like a straw as man> of them put it The intoxicating effect of the 
heavily adulterated diug obtained at the piesent time, according to the majoiity 
of them, did not last for more than a quaitei of an hom 

Duiing the stage of excitement the addicts like the corapanj of other addicts 
and they mutually persuade each othei to indulge moie ana moie in the drug 
leading to long continued cocaine debauches Tlie advanced houis of the night 
do not induce them to letne to sleep as dm mg cocaine intoxication sensation of 
sleep IS entiiel} absent In this respect cocaine diffeis hom other euphoric chugs 
such as opium, cannabis indira oi alcohol wdiich soonei oi latei pioduce diowsi- 
ness and sleep iSlan} addicts related how sometimes foi 2 or 3 nights wdien 
indulging in cocaine thcN did not close then e>es M'hen, how'evei, the debauch 
w'as finished and the intoxication passed oft, thej felt the effects of then vigil 
m the foim of an acute feeling of phj/Sical and mental fatigue, headache and 
extreme misei>, till thej chopped down to sleep fiom sheei exhaustion If a 
fiesh dose of the chug is taken, even m this stage, it has a wonderfully levivmg 
effect the victim feeling more oi less noimal foi the time being and capable 
of doing woik, but the depiession which follows is much w'oise It is for this 
leason that theie is an inesistible desue to icpeat the dose again and again 
The strong ciavmg i=; to get ovei the loathsome depiession When the drug 
IS ar affable such dose< ma\ be lepeated man\ times and deaths have been 
lecorded from cocaine poisoning on account of ovei dosage If the dose cannot 
be had the inebiiate feels absolutely lifeless and dejected and piefeis to be left 
alone He feels as if be is going to die Duimg the stage of depiession the 
patient expeiiences stiange feai of happenings of unpleasant things and persuades 
himself to take a fiesh dose The depiession of spints, howevei, seems to be 
moie imagmaiy than leal foi theie is no fall of tempeiatuie, no ’effect on the 
pulse, heait oi lespiiation The tongue and lips become moist again, the peis- 
pnation on the forehead stops altogether Duung this period the victim avoids 
the company of ins fiiends and associates and has a feeling of hiding himself 
away fiom the woikl He may he down m a quiet daik coinei lefusme to 
^peak 01 to face his fnencls Duung this stage also the addict may suffer from 
maniacal symptoms such as hallucination chiefii taking the foim of pei-^ecution 
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by the police oi excise autlioiitiCfe lie imagines that the police aie coming 
aftei him, any noise oi sound of footstep-s staitlcs him A Luge number of 
addicts aie subject to paiaisthetic sensations such as foimication and ciawlmg 
of insects oi snakes oi hcc undci the skin Otheis get intense itching all ovei 
the body A numbei of cases of insanity luuc followed cocaine habit 

While the individual i^ imdoi the influence of cocaine tlieic is complete loss 
of appetite, theie is no desiic foi food and tlie inebiiatc mil leject the daintiest 
dishes ofteied to him, often a \eiv intense feeling of tlm-'t appeals The victims 
suffei fiom a ver}' obstinate type of dyspepsia which is believed by him not 
to yield to any othei tieatinent except a dose of cocaine On account of its 
stimulating effect on the ganglia of Auci bach's plexus a dose of the diug in many 
addicts pioduces lapid evacuation of the bouelb immediately aftei it is taken 
This symptom was paiticulaily noticeable m the Delhi addicts Soon aftei 
taking the dose they ha^e to lun to the latiine wheie they lemain seated foi a 
consi del able time absoibed m then delusions Constipation, howevei, is a 
commonei symptom, it is the most distiessing symptom occuiiing m cocaine 
addicts and was guen by many as the leason foi the lepetition of the dose 
They said that the bowels weio confined and theie was a veiy unpleasant 
sensation of fullness in the abdomen, the feeling wms desciibed as if the inside 
was full of stones This was leadily iehe\ed when they took a dose of the 
alkaloid the effect being so stiong that a lush had to bo made to the latime 
Some of the old-standing addicts weie not much woiiied by constipation oi 
othei gastio-mtestinal symptoms 

Anothei distiessmg symptom occuiiing m cocaine addicts is insomnia 
Addicts keep wake all night desnmg a fiesh dose of the diug They simply 
cannot ‘^leep tiy as they mav Even the oidinaiy hypnotics appeal to pioduce 
little effect in leheving tins condition Most of the cocaine eateis complain of 
insomnia and it is veij often foi this complaint that they consult a medical 
man In a few^ of the addicts wdio took faiily laige doses sleeplessness w^as not 
complained of Delusion and hallucinations gieatly distuib the mental equih- 
biium of the cocaine eateis and giadually makes them most miseiable The 
piolonged use of the alkaloid is also said to bung about deafness and confiimed 
cocaine addicts aie said to be often ‘slightly deaf We noticed tins symptom in 
a numbei of om cases 

Toxic effects — ^In case of stiongei intoxication, be it thiough biggei doses 
01 abnoimal sensitneness of the individual, hallucmatoiy simiptoms quickly 
appeal These hallucinations as aheady stated aie of the natme of peisecution 
such as feai of house-bieakeis, police and pauesthesia of the skin Sometimes 
especiall} aftei laigei doses have been taken, theie is a feeling of sickness, 
nausea, vomiting and ciamps m the muscles If toxic doses of cocaine aie taken 
the patient becomes ‘;emi-conscious, gets twitching of the muscles of the face 
and geneial tiemois of the bod> followed by convulsions The body teinpeia- 
tuie show's a consideiable tendency to use Convulsions can be easily conti oiled 
by sedatives and, if seveie, inhalations of chloiofoim must be given Very often 
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they pass off, the patient gaming consciousness but feeling utteily exhausted 
and miseiable A dose of cocaine m this condition levives the victim Paialytic 
symptoms appeal if vciy laige doses aio taken and aie followed by coma and 
death fiom stoppage of icspuation The toxic symptoms appeal only aftei 
toMc doses 01 piolonged mdulgentc 

Abstinence syinytom', — The foiemost of these is a stiong ciavmg the addicts 
show to lepeat the do«e Aftci the effect of one dose is ovci the clesue for 
the next dose we ha\c pointed out is almost mesistible The one idea m the 
addict’s head is to get anothei do^e, and he will do anything to satisfy this 
ciavmg Theie is such a stiong desiic in some individuals foi the drug that 
the habitue will commit aiiv kind of ciime, oi woman would even sell hei 
lionom to get the duig The \ictnn feels lestless, iiiitable, unable to concentiate 
and quail elsome Tlieic is a gicat disinclination foi mental and physical 
exeition, the addict feels dull, diowsy and lazy, m fact is m a condition of 
complete lethaigj' and ineitia Theie aie vague symptoms all ovei the body 
and the gastro-mtestinal functions aie depiessed Sometimes the symptoms of 
constipation, ciainps and sensation of formication, etc , aie delayed, not appear- 
ing foi 3 01 4 days aftci the debauch Raiely patients get so depressed that 
they feel thej aie going to die, thev may become prostiated and collapsed 
Such symptoms aie met w'lth much less fiequency in case of cocaine than 
with opium and moiphine A laige number, especially those taking large 
doses, lose all mteiest m then life and sunoundings and develop suicidal and 
moibid tendencies All these symptoms entueh disappeai foi the time being, 
if a dose of the dmg is taken 

Time of taking the chug and dosage — Cocaine is generally taken by the 
habitues late m the evening oi in the eaily hours of the night Persons engaged 
m dissipation, who are confiimed and inveteiate eaters, take it during ail horns 
of the day in betel leaf hlany of the artisans and woikmen w^e saw in Delhi 
do not take the diug except during the evenings when they have finished then 
day’s work Otheis take it twice a day They geneially take one or two 
doses of the drug, as much as they can afford, and then go back home to rest 
They said that the effect of one dose lasted them foi 6 to 8 houis and if they 
could get it they w'eie able to cany on then daily vocation without any 
difficulty Occasionally, howevei, these people go on taking the diug all night, 
especiallv when they aie m the company of prostitutes and wmmen of low 
morals 

The daily dosage consumed show's wide variations The drug is veiy 
expensive and difficult to get, besides it is often very heavily adulterated 
The tendency for inci easing the dose is mesistible and m a short space of a few 
W'eeks the dose may be increased to 20 oi 30 grains Moneyed people as a 
lule take much larger doses than people with smaller means because they can 
afford to buy more of the drug Mo=it of om addict^s took doses ranging from 
to 15 grains, the lattei being the maximum limit among the ordinary 
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mill mills may be heaicl Besides this the alkaloid especially in laige doses has 
a toxic action on the myocaidiiim and in old-standing addicts and those taking 
laige doses the pul^e is weak and blood-pie''SUie low Eien aftei modeiate 
doses theie is stimulation of the sjmpathctic and depiession of the vagus but 
aftei the stimulation theie !■« geneiallv a paialytic condition of the sympathetic 
system 

As legal ds the eftect of the diug on the hannopoietic system theie is no 
doubt that the diug m all piobabilit}’- has a dnect action on the blood foiming 
oigans especially when taken m laige doses It also piodiices an indiiect 
action by producing intestinal sta'^^is and toxccnna Malnutiition is bi ought 
about fiom ivant of food fiom lo'--' of appetite, distaste foi food and digestive 
distuibances wdnch aie set up bi the alkaloid This has a deleteiious effect 
on the Ineinopoietic s-(, astern m the •^aine wa^ as it has on the othei systems 
Respnatoni — Soon aftei taking the dose the lespiiation is 

quickened When laigei dosc^ aic taken theie is maikcd quickening at fiist, 
the lespnation becoming deepei and inoie fiequent This eftect is undoubtedly 
pioduced b}^ the stimulation of the iespiiatoi\ centie With toxic doses theie 
IS slowung and the lespiiation inai assume the Cheyne-Stokes’ t3'pe 

Gemto-unnai y system — The amount of iiiino m cocaine eateis is said to 
be diminished, but we have not been able to cany out any obseivations on 
that point Piobabty this is due to smallei intake of both food and dunk 
T e have examined the mine of a nuinbei of addicts m oui senes but found 
no abnonnal constituents, the quantitv of the alkaloid, if it is excieted by the 
kicmevs, is piobably too small to be detected by the oidmaiy alkaloid piecipi- 
tatmg reagents None of the addictb complained of passing abnonnally small 
quantities of iiiine, but tenesmus of bladdei ivas obseived especially aftei 
laige doses AVomen taking cocaine suftei fiom backache, leuconhcea and 
often fiom amenonhoea and dysmenonhcea 

Neivous system and special senses — ^As a lesiilt of cocaine toxsemia the 
cential neivous system is the gieatest suffeiei, the highly developed neive cells 
of the giey mattei suffering most of all These cells aie at fiist violently 
stimulated and the stimulation is followed by a leactionaiy depiession The 
symptoms detailed undei mental effects such as delusion, hallucination, impaii- 
ment of chaiactei and low state of mental efiiciency and sometimes a soit of 
chionic insanity called cocaine paronoia can all be explained 

On the highei psychic aieas the diug has at fiist a maiked stimulant 
action follow^ed by a stiong paialytic action The habit almost invaiiably 
leads to mental and nioial deteiioiation Aftei it has peisisted foi some time 
theie IS gieat impaiiment of intelligence and loss of memoiy The addicts 
become dull and stupid and acquiie lazy and dirty habits Theie is gieat weak- 
ness of wull powder and inability on the pait of the individual to concentiate 
ovei subjects which lequiie deep thought A laige majoiity of the addicts 
suffer fiom hallucinations of sight and heaiing Delusions of the nature of 
peisecution are very common and weie met with m at least 30 pei cent of 
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our senes Cocaine pnonoia is of fieqiient oecmience, the addict suffering 
from hallucinations of sight and heanng, delusion of the natme of persecution, 
which make him «o timid and foolish that he staitles at the slightest noise 
Piolonged use and e\cessi\e indulgence lead to great mental impaiiment and 
a numbei of people diifts towards insanity In our series there weie a few 
cases of epilepsa, the fits ^taiting ifter the commencement of the drug habit 
Some suffeied from suicidal and homicidal impulses, the formei being more 
common All these effects aie no doubt brought about by the persistent use 
of the drug bunging about stiuctmal changes m the neivous tissue The most 
distressing of all symptoms is insomnia which is of a veiv obstinate nature 
Theic may be nidenmg of the palpebial fissuie and the cornea may have 
a glassj appeal ance, the cieballs abo piotiude owing to sympathetic iirita- 
tion In 2 of oui cases at least theie was impanment of vision and hearing 
is geneially impaired The deafness occuiiing among the addicts is piobably 
due to the paiahsing effects of the alkaloid on the auditory neive endings 
The supeificial and deep reflexes aie not affected Theie is paialjsis of sensoiy 
organ aftei local application The skin becomes pale, there is loss of sub- 
cutaneous fat, and in some cases a peculiar lash is obseived Paresthesias in 
form of intense itching of the skin followed by a sense of creeping of worms 
and insects under the skin oi embedding of sand and pebbles undei it aie 
fiequently met with (in 30 to 40 pei cent of addicts in our series) The 
paresthesias appeal at times and disappear 

Sexual e^ffecfs — Cocaine is the most impoitant addiction with legard to 
its effects on the sexual life As mentioned befoie in this country it is closely 
associated with sexual vice and prostitution A faiily laige numbei of addicts 
m our series gave the liistoiy that thej^ staited the habit m company of some 
female pai amour oi a prostitute Cocaine it has been said is popularly 
supposed to possess aphrodisiac piopeities and quite a large number of oui 
senes of cases staited the chug for its alleged stimulating effects on the sexual 
faculties We caiefully questioned all our patients in this lespect but none 
of them could say that the drug possessed any marked stimulant effects on the 
sexual appetite During general stimulation of the highei parts of the biain 
w'hich follow's this drug, theie is undoubtedly shaipemng of all the senses and 
faculties and this may produce a semblance of sexual stimulation Even m 
this state the alkaloid has no specific exciting effect on the sex organs either 
m the male oi m the female It has been stated that the time up to ejaculation 
IS highly expended m man Most of our addicts informed us that the sexual 
act is not m any way strengthened or piolonged, as a matter of fact the> all 
held that it was distinctly weakened Dming cocaine intoxication the addicts 
said it was impossible to perform the sexual act It was during the depiession 
period that according to some the act was considerably stiengthened and 
ejaculation time w'as markedly extended 

As regards the effect of the drug on the female sex, our experience in this 
respect has been veiy limited being confined only to a few prostitutes In his 
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able mcmoii on cocaine addiction Piofe^Mii Ilan^ ^Y jMaici (1926) stated that 
owing to stnnnlation of the ii^\clnc aica*' bodih’’ ciotic attiactions inciease in 
thof-e that aic ini lined that \\a\ Cocaine addiction in ■'iicli individuals is 
geneialh of se\ual oiigni, and thc\ -'how all po'"'iblc peivei^e symptoms and 
loss of all moial contiol Ifomo-'CMialitN otcui'' among those indulging in the 
chug and ve found tlii'^ to be the ca^'C in some paits of the United Piovinces 
and othei places among those indulging in the diug The «c\ual depiavity is 
uncloubtedK due to lo-^s of contiol of the Inglici ccntic^ ■which is piesent iindei 
noimal condition‘d and is ab-'cnt m cocaine catci-' Hetcio-se\uahty cluiing 
cocaine intoxication ma\ change to homo-sexuahty Many of oiu, addicts 

definitely told us that the ‘=cxual dc^duc ccitamlv incieased among 'W'omen 
addicted to the chug 

A laige numbci of the incbiiates stated that cocaine has a distinct depiessant 
action on ‘'Cxual functions m all stages A few said that m the beginning the 
sexual act was 'domewhat piolonged but a di&tinct weakening effect was pioduced 
latei on in the com sc of addiction Othei s stated that they felt no sexual 
clesiie while undei its influence, the desue onl} ictuined aftei its effect had 
pa^dsecl off when he oi she felt voluptuous feelings Still othei s definitely stated 
that they did not get elections while undoi the effect of cocaine then only 
clesiie at that time being foi a fiesh close of cocaine These jieople felt 

sexually fit only when the intoxication pioduced by the alkaloid had entnely 
ceased 


It would be mteiesting to note lieie that not a few of the addicts, especially 
those wdio had taken the chug foi a long time, complained of sexual nemas- 
thenia and complete loss of sexual desue and disinclination foi the company 
of the opposite sex In wmmen it leads to amenoirhcea, dysmenoirhcea, 
leucoiihcea, backache, lack of sexual desue and steiihty 


Social and laoial effects — Cocaine eateis are looked clowm upon by the 
geneial public in India The addict is contemptuously called ‘Cocaine Baz ’ 
(one indulging in cocaine) and is intensely disliked by those who know him 
Almost all addicts w’^e met weie persons of low moials, they become habitual 
liars and pilfeieis No one would tiust them in business matteis and their 


evidence in couit is not lehed upon Then company is considered to be 
objectionable by then neighbours and relations They lose all sense of self- 
respect and wmuld resort to anything, how'evei, despicable or criminal to secure 
then daily dose wdren that is not forthcoming by fan means Several of the 
victims to the habit informed us that they simply took the dose from others 
by force if they did not have it themselves It has been stated that the reason 
why cocaine among all other narcotic drugs deserves the fullest attention is 
firstly because of the easy way of its application (i e , by eating m ‘pan’)> 
secondly, for the peculiar aspect of the habit which is not indulged in isolation 
like some of the other narcotics but spreads like a contagious disease and lastly 
for its distintegi ating influence on the Character of the victim, panng the way 
to prostitution and crime It has become knowm to police departments of the 
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western countries that a criminal devoted to cocaine is far more ready to 
use firearms than an ordinary crook, who does not usually possess them We 
have not studied the cocaine habit in India sufficiently to be able to say whether 
what IS tiue in this respect of western countiies is also true of India So far 
as our experience in this country is concerned the cocainist is more dangerous 
to himself than to other merabeis of the society from a criminal point of view 
Many cocainists of the aitisan class we examined carried out then daily 
vocations and only indulged in the drug in the evening for an hour or two 
and then returned to then homes oi spent the night in the company of some 
women Thev took the diug just to expeiience the exquisite feeling, short 
though it IS, given b> the diug When asked to desciibe what sensation they 
felt they informed the authors that they could not desciibe them in words, 
in the same waj as they could not describe the feeling of pleasure obtained 
during the sexual act The\ all said that the sensation was so wonderful and 
fascinating that thea veie piepared to face all consequences to get it even for 
a short space of time 

jNIany of the addicts said that they took the diug because of the severe 
constipation from which they suffered and because of the most distressing feeling 
in the abdomen they cxpeiienced neither of which could be relieved except by 
a dose of cocaine They all loathed the habit and wished to get rid of it 
They begged us to find something which could help them to get over the 
crainng They all remembered their first introduction to the drug and cuised 
the person who was responsible lor giving them the habit 

Strength of the habit — Cocaine habit once formed is very difficult to give 
up, although it IS believed by some to be not more difficult to abandon than 
the opium habit Prolonged use leads to mental deterioration and weakness 
of will power, so that the individual seldom has the strength to resolve to give 
it up The w'lthdrawal symptoms already described specially insomnia, cramps 
in the muscles, constipation, disturbance in the abdomen, etc , make it all the 
more difficult for the diug to be abandoned With proper guidance, complete 
removal from the environments, improving the physical condition and vitality 
of the patient may help him to resist it 

Diagnosis — In western countries a cocaine addict can be easily recognized 
from his general appearance and from scar marks of injection Those who 
take it in form of snuff get ‘ rhinitis chronica ' which may go on to ulceration 
of the nasal septum and its perforation The presence of these along with 
other symptoms gives the patient away In India it is not difficult to diagnose 
a case of cocaine addiction after one has seen a few cases The following are 
the chief points which help in diagnosing a case of cocaine addiction 

(1) Appearance of the addict is typical He is generally young, emaciated 
with sallow complexion, sunken eyes, wrinkled face and dilated pupils 

(2) The addicts have a typical dark chocolate coloured deposit on the 
teeth and the tongue This deposit is more marked on the incisors and the 
camne particularly on then- posterior aspect 

J, MB 


21 
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(3) Such symptoms as hallucination, delusions of peisecutoiy nature, 
moial and mental degeneiation give the cocamist away 

(4) Paiffisthesias such as ciecping sensation like that of lice, woims, 
snakes undei the skin (cocaine bugs) aie pathognomonic of this addiction 

Tieatment — ^The tieatment is geneial The most important points to be 
lemembeied aie — 

(1) Removal of the addict fiom the enviionments in which he leaint the 
habit and fiom the associates m whose company he indulges in the drug, 
piefeiably to a place wheie he cannot get the diug This is very important 
as we have known many instances wheie the individuals from Delhi oi 
Saharanpui went foi a few months to the Punjab where they were unable to 
get the drug and wheie theie veie no associates and they weie able to conquei 
the ciaving foi months at a time When, howevei, they letuined to their old 
suiioundmgs (wheie they were able to obtain a supply of the diug) they again 
succumbed to the temptation Similai facts have been obseived in cases of 
addicts who have been impiisoned They are able to give up the habit in 
jails and go foi yeais togethei without it, but immediately take it up again 
aftei being discharged from the jail 

(2) Psychotheiapy, mental tiaining and impiessing upon him the giavity 
of continuance of the (diug) cocaine habit aie veiy impoitant The patient 
should be encouraged to have a fiim mind and to give up the habit 

(3) The diug must be withdrawn all at once 

(4) The lest of the tieatment is simple and symptomatic 

(a) Cramps and insomnia should be tieated by simple means such as 
massage, exercises, hydiotherapy (and warm baths) If theie is need foi a 
sedative give biomides, chloial pai aldehyde should be used with caution while 
hypnotics such as opium and morphia aie stiongly contia-mdicated General 
tonics like uon and strychnine should be given Quinine, strychnine, non and 
arsenic m pill form aie veiy useful Constipation which is a very tioublesome 
symptom should be tieated by simple means such as waim soap enema oi 
saline purgatives Diastic puigatives aie not lecommended 

Diet should be simple, easily digestible and nutiitious such as milk, soups, 
vegetables (minced and well cooked), and fiuit juices Peranacious articles, 
undergiound vegetables and diet rich in fats should as a lule be avoided in the 
early stages of treatment 


Summary and conclusions 

(1) Cocaine habit is of compai atively lecent oiigin in India The eailiest 
records of its use aie not more than 40 to 45 years old 

(2) Ei yth oxylon coca has nevei been collected jn India on a large scale, 
so far as is known no othei varieties of Eiythroxylon which bear cocaine 
and grow in India m a state of nature are cultivated There is no giound 
whatevei for the belief that cocaine is secretly manufactured in India 
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(3) The leaves of E coca, winch have been largely indulged m by the 
inhabitants of South Ameiica foi several hundred yeais, have never been used 
in India foi then euphoiic eftects It is the alkaloid cocaine which was and is 
still used 

(4) The habit was pievalent in many towns in India in the beginning of 
this centul^ and the evil effects produced by it came to the notice of the medical 
piofession and the authoiities about the same time Restrictions were at once 
placed on the irapoit, sale, possession, tianspoit and use of the alkaloid and 
the piepaiations m which it was contained 

(5) In ^pite of tins the habit spread fiom Calcutta to large towns along 
the tvo mam lailwav routes through the United Provinces into the Punjab 
and the North-West Frontier Province From Bombay it spread to some of 
the largo ton ns m that presidency 

(6) The drug is smuggled into India in large quantities thiough sea ports 
particular h Calcutta and is distributed to different parts of the country by 
the smuggling oigani/ations For some time past the Far East has driven the 
Euiopean and American manufactured product out of the market, Japan being 
the chief source now The drug is illicitly brought by crews of various line 
of mercantile marine running between Japan and Calcutta 

(7) It is not possible with any degiee of accuracy to gauge the present 
e\tent of cocaine habit in India but a careful survey of the problem shows 
that the habit is chieflv prevalent among the betel leaf chewing population of 
north-western portions of India (including Bengal, Bihar, United Provinces 
and the Punjab) The geneial distiibution of the habit is given m the map 
It IS estimated that about a half to one million cocaine eaters belonging to 
different strata of societv exist m India The habit is not only present among 
the well-to-do population but a large numbei of the artisan class in large towns 
are also victims of the habit 

(8) Cocaine sold in India is very heavily adulterated, the chief adulterants 
used being phenozone, phenacetine, caffeine citrate, acetyl salicylate and 
potassium nitrate 

(9) Two hundred cocaine addicts have been carefully studied and analy- 
tical data regarding the causes leading to the habit, the duration of addiction, 
occupation of the addict, dosage, sex incidence, its effects on sexual functions 
and fecundity, association of cocaine habit with other drug habit, etc , have 
been discussed 

(10) Of the mam causes leading to addiction, association with other addicts 
IS an important factor accounting for as many as 66 0 per cent of cases in 
this senes, luxury and pleasure come next accounting for 21 per cent, fatigues 
voriy and strain for 6 5 per cent, curiosity and fancy for 4 5 per cent and 
disease for 2 per cent The habit is chiefly confined to individuals whose 
psychic condition is m an unstable state of eqmhbrium 

(11) The most common method of taking cocaine in India is by putting 
it m a ‘ pan ’ or betel leaf The drug is either mixed with the spices which 
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aie usually put m the leaf, oi some of the aclclicts place the alkaloid on the 
doisum of the tongue and then chew the leaf afteiwaids Addicts of long 
standing geneially put cocaine on the tongue and follow it up by a little lime 
and catechu, dispensing with the betel leaf This is said to enhance the action 
of the ding The method of taking the chug by injection oi taking it in the 
foim of snulf is unknown in this countiy 

(12) A complete account of symptoms pioduccd by cocaine eating as 
observed from a study of a senes of 200 cases have been desciibed in detail 
and the deleteiious effects of the habit on the physical, mental and moial 
condition of the addict have been discussed 

(13) Diagnosis of cocaine habit and its tieatment have been desciibed 
The appeal ance of the addicts is typical They aie emaciated individuals 
with a sallow comple\ion, sunken eyes, wiinkled face and dilated pupils They 
have a daik chocolate colouied deposit on the teeth and the tongue which is 
consideied to be pathognomic (see Plates LIII to LV) 
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In the July 1930 numbei of the Indian Jouinal oj Medical Research theie 
IS a paper by Lloyd, R B , and Napiei, L E , on ‘ The Blood-Meal of 
Sandflies Investigated by Means of Precipitin Antisera' This paper contains 
statements so contrary to previous ideas with regard to the feeding habits of 
the minutus group of the genus Phlebotomus that some explanation seems to be 
called for 

The followmg statements are made m the authors’ summary 

1 ‘P minutus also usually feeds on the blood of cattle or man, 
but also quite frequently on the blood of other species 

2 P minutus is a more persistent human-blood feeder than P argentvpes ’ 

Hewlett (1913) pointed out that P minutus normally fed on reptilian blood 

(gecko) My own experience, and that of my colleagues on the Kala-azar 
Commission with whom I have discussed the point, shows that this is coirect, 
and that P minutus {minutus group) never feeds on man in Assam Although, 
in the past, we have repeatedly tried in vain to feed flies of the minutus group 
on man without success I arranged for a special experiment to be earned out, 
and the results of this are recorded below m tabular form The plan followed 
was to give numbers of flies of the minutus group two opportunities, totalling 

( 1017 ) 
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about 3 hoiiis, to ieecl ou man, and then to give them one oppoitumty to feed 
on geckos The lesults weie as follows — 


Date 

Nuinbei ol files 
of mmiUu^ gioiip 
used 

Numbci fed on 
man (e\posuie 3 
hours) 

Numbei fed on 
gecko 

9-8-30 

9 

Nil 

9 

lO-S-30 

35 

)f 

31 

11-8-30 

55 

)» 

20 (some died) 

12-8-30 

37 

)> 

25 

13-8-30 

41 

)) 

29 

14-8-30 

31 

» 

12 (many died) 

15-8-30 

22 


15 

16-8-30 

26 


14 

20-8-30 

39 


12 

21-8-30 

44 


30 

Totals 

339 

Nil 

197 


These figuies appeal to me conclusive and would point to ceitam fallacies 
m the lesults lecoided m the papei in question 

(a) The identification of the files may have been at fault 

(b) The technique employed m the piecipitm tests may be imiehable 

In the lattei case this would also invalidate the lesults obtained with 
othei species of Phlebotomus desciibed m the same papei 

A fuithei point which may be laised is that the authois do not state 
whethei they have evei seen P mmutus actually feeding on man In flies of 
the mmutus gioup which we have caught in Natuie in Assam, the blood, when 
lecognizable, has always been composed of nucleated led cells 

As legal ds the question of identification, the authois, in the papei lefeiied 
to above, speak, tliioughout, of P mmutus It is possible, howevei, that they 
may have been dealing with diffeient membeis of what is often loosely lefeiied 
to as the ‘ mmutus gioup ’ of the genus Phlebotomus It is possible that some 
membeis of the gioup may be mammalian feedeis although theie is no definite 
evidence on this point The question is of some impoitance, fiom the gieatei 
biological point of view if it is tiue that at least some membeis of the mmutus 
gioup in Calcutta feed on man, and fiom the lessei medico-legal point of view 
if they do not, since, in the lattei case, the piecipitm test m the case of insects 
would appeal' to be fallacious ^ , 
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1 Inthodbction 

In cairymg out investigations on the transmission of diseases, especially, 
those caused by insect vectois, the value of a thorough entomological survey 
carried over the endemic areas and their adjacent regions cannot be gainsaid 
During the eaily part of 1929, a systematic survey of blood-sucking insects of 
Calcutta and its enviions was started Special attention was paid to the 
genus Culicoides and a numbei of engorged females from each day’s catch was 
systematically identified m the laboratory and submitted to another depart- 
ment foi accurate determination of the nature of their blood-meals Until 
now most of the engorged females were identified as Culicoides peregnnus 

( 1051 j 
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Kieff,* and C oxyUoma, Kieft , ( i*) maculithoicn, Will&t , while a couple col- 
lected fioin cowsheds m the outskiit'^ of Calcutta pioved to be new to Science 
It is pioposed to desciibe in the following page^j the new bpccies Shoit notes on 
the moiphology of the mouth-pait'5 and male teinunalia of a Culicoides aie also 
being appended All the di awing" weic made b^ me with the cameia lucida 
(eyepiece type) 

I wmuld like to extend heiem m\ indebtedness to mj chief, Di L E 
Napiei, MEGS (Eng), lucp (Lond), foi the genciou^ and kind way in 
wdiich he w^ent tlnough the papei 

2 T)t^scrip 1 10 'S or Culicoides clnvipalpiii &p xov , y 

Coloiation 

Head yellowush biown, except the e\es, palpi spaiingl}" clothed with long 
biownish bans, chpeus (Plate LVI, fig 2 cl) light biown decked with few fine 
long biownish haiis, antenna? biowmsh vellow', mouth-paits (Plate LVI, 
fig 2 jpj ) light ^ellow, e\es (Plate LVI, fig 2 ey ) black with a tiiangulai 
light colouied aiea in betw'een, on the occipital legion suiface of head co\eied by 
fine bioAvnish chaitce, occiput (Plate LVI, fig 2 oc ) spaiseh clothed wutli long 
biownish hails, doi'=;uni of thoiax yellowush biowm spaisely clothed with medium 
brownish liaii'^, mcsonotum yellow blown, mesoscutellum of a deepei coloui 
spaisely clothed wuth long biownish bans, mesopostnotum of a slightly lightei 
coloui, abdomen biowm doisally, somew'hat lightei ventially, halteies yellowush 
white, legs biowmish yellow, taisi pale 

Wing coloHihon (Plate LVI, fig 1) chaiacteiistic and consists of palei aieas 
on gieyish backgiound Neai the centie of the uppei maigm wdieie the 1st and 
did longitudinal veins tei inmate in the costa aftei foiming the ladial cells, an 
iiiegulaily foiked lathei bioad cleai aiea is piesent the uppei bianch of which 
leaches the costa while its lowei bianch tei inmates about the middle of the 
uppei branch of the 4th vein, one eleai loundish aiea is piesent neai the 
legion of the ladio-median cioss-vein, anothei is situated doisal to the teiminal 
end of the uppei bianch of the 4th vein, between the blanches of the 4th 
vein towaids the apical half aie two cleai lOundish aieas, a cleai lathei 

* As early as July 1913, Di N Annandale lecoids fiom Balugaon iii Oussa that Cubcoidci> 
peiegnnus Kieff, bites human beings His own veision luns as follows ‘The type 
specimens of C peiegnnus weie taken at Pun on the coast of Oiissa in Maich I 
lecently (July 1913) found the species leiy abundant in a bungalow neai Balugaon in the 
same distiict One individual was killed in the act of biting my wiist and I had leason to 
think that many otheis weie attacking my ankles The iiiitition was consideiable but not 
lasting and very little swelling folloived the bite Both sexes swaimed at night in the corners 
of rooms, paiticularly in the neighbouihood of a lighted lamp females weie much commoner 
than males ’ Mi H Stevens who collected specimens of C hivialayce Kieff , at ICahponni 
on the Nepal-Sikkim Fiontiei at an altitude of about 9,000 feet, lefeis to them as ‘blood- 
sucking flies of paiticulaily venomous natuie' Eecently Smith (1929) lecoids two new 
species of Culicoides (C lanpalpis and C actoni) fiom Assam which bite man 
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iiiegulai aiea occupies a position just below the oiigin of the lowei bianch 
of the 4th vein while anothei cleai spot lathei indistinct and of irregulai shape 
IS situated a little beyond this ton aids the base of the wing, below the lower 
blanch of the 4th vein and doisal to the 5tli vein aie two loundish cleai aieas, 
a deal oval aiea exists between the blanches ot the 5th vein while another 
lOundish deal aiea is pieseiit a little beyond the legion wheie the 5th vein 
forks Altogethei theie aie 11 pallid aieas distiibuted thioughout the wing 
surface The aiea occupied bv the ladical cells is daikei than the giound 
coloui, a small stiip doisal to the unbiandied poition of 4th vein slightly 
daikei, a small stiip below the teimination of costa light blown The wing 
membiane is unifoimly coveied with miciotiichia" the colour of which vanes 
accoiding to the respective aieas they occupy Maciotiichia aie distributed 
spaiingly thioughout the apical half of the wing surface but not on the pallid 
areas A few maciotiichia aie piesent m the couises of the branches of the 
4th vein neai then teimmations 
St) uctw e 

Head (Plate LVI, fig 2] eyes large contiguous doisally and leaving a tii- 
angulai area (.b a) in between, the aiea occupied by the eyes covering nearly |th 
of the dorsum of the head The head, bioadei laterally, oval in shape At its 
junction with the neck the head bears marginally a small protuberance bear- 
ing doisally an oval light coloured area, maxillary palpi {nix p ) with the 
second joint (Carter’s thud) considerably swollen and expanded on both the 
inner and outer sides, the two apical joints sub-cyhndiical, the three distal 
jomts related in length in the piopoition as 24 7 8 The swollen joint beais 
a large sensory pit (s pt] oral in outline Antennae (Plate LVI, fig 3) with 
segments 2-9 subglobulai to cylindrical apically, 8-9 nearly equal, related rn 
length and breadth as 8 5 lespectively , reiticels 6 m number arranged in a 
single rvhorl at a distance of about l/3id from the base of a joint, each more 
than twice as long as the segment, sensory hairs about 3^ in number on each 
segment Segments 10-14 and 2-9 related in length m the proportion as 
16 13, segments 10-13 nearly of equal length, 13-14 i elated in length m the pro- 
portion of 3 4 Mouth-paits (Plate LVI, fig 2 pi ), vide a detail description 
of mouth-paits given in Section 3 Legs (Plate LVI, fig i A B) having general 
structure of Pangonme type rn that the hmd legs bear trbral spurs, fore leg 
tibise (Plate LVI, fig 4 A), apically armed wrth a few spines, the tarsal joints 
1 elated m length m the piopoition of 15 6 5 3 4, the mid leg of nothing parti- 
culai of note, in the hmd leg (Plate LVI, fig 4, B) tibi® bear apically a few 
long brownish spines in addition to the rather dark paired tibial spurs {sp ) 
The taisal joints related m length m the jrioportion of 34 17 11 8 9 Wing 
venation, 1st and 3id veins (Plate LVI, fig 5 1, 3) when piesent rather faint, 
hence the radial cells difficult to distinguish, sub-equal, very narrow and their 
line of demai cation not distinct (Plate LVI, fig 5 i c „ i c ,), radio median 


* Microtnchia have no basal articulations 
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3 Stiuctuio of the male teunin.ilia (Ilypopygiuin) of a Culicoides has 
been dealt with in detail and a coinpaiative study of the stiuctuies has been 
made An atteinj)t has been made to hoinologizc the appendages of the d 
hypopygium It is concluded that as m othei gioupa of insects the male ter- 
mmalia aie likely to play an impoitant pait m the collect identification of the 
Indian foims 

4 A tentative key to the Indian species of Culicoides mainly based on 
the stiuctuie of the wing, speimathccaj, and male hypopygium has been 
xppended 
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Explanation of Plate LVI 

Eig 1 Left wing of C^ihcoides clavvpalpis sp nov 5 X 60 
„ 2 Head of Culicoides clavipalpis sp nov 2 (viewed from dorsal aspect) 
X 300 

, 3 Some of the antennal joints of Culicoides clavipalpis sp nov 2 

X 300 

„ 4.4 Portion of fore leg of Culicoides clavipalpis sp nov 2 X 300 

„ 4JB Portion of hind leg of Culicoides clavipalpis sp nov 2 X 300 
„ 5 Radial cells and radio-median cross-vein of wmg of Culicoides 
clavipal2ns sp nov 2 X 300 

„ 6 Eighth abdominal steinite of Culicoides clavipalpis sp nov 2 X 300 
„ 7 Spermathecie of Culicoides clavipalpis sp nov 2 X 300 
„ 8 Male terminaha (Hypopygium) of Culicoides sp X 300 
„ 9 Mouth parts of Culicoides sp X 300 
„ 10 Spermathecae of Culicoides peiegnnus Kieff X 300 
„ 11 Spermathecae of Culicoides oxystoma Kieff (?) maculithorax Wilhst 
X 300 

„ 12 Spermathecai of Culicoides himalaym Kieff X 300 


EIei to letterings in Plate LVI 


cl 

Clypeus 

ey 

Eyes (marginal ones shown) 

hp 

Hypopharynx 

in ap 

Intermediate appendage 

mt 0 

Intromittant organ 

la 

Labium 

lb ep 

Labrum epipharynx 

md 

Mandible 

mx 

Maxillae 

mx p 

Maxillary palp 

oc 

Occiput 

pr 

Proboscis 

rc^, rc„ 

Radial cells of wings 

r~ni 

Radio-median cross-vein 

sc d 

Distal segment of superior clasper 

sc p 

Proximal segment of superior clasper 

si 

Subgenital lamella 

si sp 

Spines of subgemtal lamella 

sp , 

Tibial spurs of hmd legs 

s pt 

Sensory pit of maxillary palp 

tr a 

Triangular area between the eyes 

1, 3, 4, etc 

The longitudinal veins 




The following has been leceived fioin the IFai Office, London, dated the 
oth Septemhet , 1930 — [Ed ] 

NORTH PERSIAN FORCES MEMORIAL MEDAL 
Captam H W ]^IuLLIG\^^ mb, Indian Medical Seivice, has been awaaded 
the Noith Peisian Foices Islemoiial jSIedal foi the yeai 1929 foi his papei 
‘Studies on the Reticulo-Endothehal System, with Special Reieience to 
Malaiia,' published in The Indian Joinnal of Medical Reseaich, Vol XVI, 
No 4, Apiil 1929, pp 1099-1119 

This Medal is awaided annually foi the best paper on Tropical Medicine 
01 Hygiene published in any Journal dining the preceding twelve months by a 
^Medical Officer, of undei twelve 3 ’-eais’ sen ice, of the Royal Navy, Royal Army 
iMedical Corps, Royal Air Force, Indian Medical Service, or of the Colonial 
Aledical Sennce, piovided the Alemoiial Committee consider that any of the 
papers published has attained a standard of meiit justifying an awaid 




THE DISTRIBUTION AND CAUSE OF ENDEMIC GOITRE IN 
THE UNITED PROVINCES 


BY 

Lieut -Colonel H STOTT, md, mrcp, 

P)ofessor of Pathology and Physician, King Gcoige’s Medical College, IaicLuow, 

Incorporating -work bi 
B B BHATIA, m d , mrcp, 

Lecture) in Phai macology, King George’s Medical College, Lucknow, 

R S LAL, MB, B s , 

AND 

K C RAI, MB, B s , 

Reseaich Scholars from the Department of Pathology, Lucknow University 
[Receued for publication, November 24, 1930] 

In certain well-defined areas of the United Provinces endemic goitre is 
exceedingly common When the distribution of these areas is more closely 
examined, it is found that the goitre areas are associated with definite types 
of water-supply, and often with definite types of soil which are recognized as 
the cause of the goitres by the population concerned 

What then is the condition of these people vith endemic goitre t How 
close is the connection between water-supply and endemic goitre ? What is 
the apparent cause of endemic goitre m these provinces ? Is this cause in 
keeping ith the present view that endemic goitre arises from iodine deficiency ? 

For some five years past the Department of Pathology of King George’s 
Medical College has been collecting data on these points The Government 
Census Reports for 1881, 1891, 1901, 1911 and 1921 and the-Impenal Gazetteers 
for the United Provinces foi India, and indeed for each province m India in 
regard to goitre and its associated diseases have been examined and have 
furnished much valuable information Successive research scholars have 
proceeded to the endemic districts and have collected with considerable industry 
much useful material which I freely incorporate here Dr B B Bhatia m d 
mrcp, has been mainly responsible for the field work in Gorakhpur district^ 
Dr K C Rai, m b , b s , for that m Gonda and Gorakhpur and Dr R S Lai' 
a, MR ( 1059 ) 2 
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MB, BS, foi that in Ba^ti, Balnaali and the IInnahi\ar The uliole aiea to 
be coveied wa'5 -iO exten'^ue that onl\ small samples el each .iica could be 
investigated and a blld^-c^c mow of the goitie dibtiibution in the sevcial 
distncts appioximatcd 

Fuithei infoiination \\a& fuiiiished b\ landloicB and sugai jilanteio of tlie 
affected aieas, by Depot's Connnasioneis, Ci\il Singeoiis and othci medical 
peisonnel including nieinbcia of the Public Health Depaitment uhoae willing 
help IS giatefullj acknowledged Such intoinmtion has been lifted and incoi- 
poiated in the vaiious section^ Laboiatois expei inicnts wcie also undei taken, 
but had to be abandoned on account ol the pic-'-iue of tune loi adccjuate aiipei- 
vision 

The infoiination tliua obtained foi the United PiomucOs h lecoided in the 
following sections — 

I Clinical obscnations on endemu goitie and on sub-tliMOidism in 
endemic aieas 

II Distiibution of dcaf-muti''m m the United Pioiincca 

III Distiibution of endemic goitie in the United Piocmces and its 

1 elation to special dunking wateis and ^oiU ol Ingli calcium- 
content 

IV Distiibution of dcaf-muti''m and of endemic goitie in India 

I Clinic vn obsfrv-stions on exdbmic goitre \nd on sm-TinnoiDisM in 

ENDEMIC XRESS 

An endemic goitie mn% be consideied fioin thice aspects (n) the neck 
swelling pioduced, (51 associated o'tiological factois, and (0 the endociine 
distill bance found in the endemic aiea 

(nl The neck sicelling 

If an adolescent about pubeity (ic, a loung healthy wife) be biought 
fiom non-goitious locality and exposed to the goitious-pioducing influences of 
an endemic aiea, a sw^elling of the thvioid gland develops in some tlnee oi foui 
months to a size yaiying fiom that of a full louncl neck up to about the size 
of a hen’s egg This eailv goitie is soft m consistence and usually diffuse m 
distiibution, though sometimes one lobe (moie often the light) may be moie 
piomment Should the peison now leave the goitie aiea, this soft unifoim 
swelling wall piobably spontaneously disappeai wnthiii a few weeks Should 
the peison letuin to the aiea, the goitie leappeais, to again disappeai if the 
area is again left If, howevei, the peison continues to leside in the endemic 
aiea, the goitie usually giaduallv enlaiges up to 30 oi 40 yeais of age to a 
degiee vaiying with the degiee of endemicitv of the disease and woth the age 
of the individual At any time it may become stationaiy in size befoie finally 
somewhat slightly diminishing wuth the onset of fibiotic changes A common 
stationaiy size is that of a ciicket ball At times, liowmvei, the goitie enlaiges 
even to the size of a football, but this is laie, except in the aieas of gieatest 
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endemicity In old goities the suiface becomes maikedly nodular and distorted 
b}'’ conti action of fibrous tissue and by the development of cystic or paienchy- 
niatous ‘adenomata’ Occasionallj', piactically the whole goitrous masSj.ipaj^ 
be tiansformed into a haid fibious lump, and various degrees of myxcedema 
ensue When such changes have aiisen no medicinal treatment or change of 
lesidence to a non-goitious aiea will effect removal of the tumour, though its 
size ma> become somevhat leduced Piessuie symptoms on the various 
impoitant neck «:tiuctuies mav arise but aie uncommon considering the degrees 
of enlaigement attained 


(6) /Etiological factors 

(1) Age — In the United Piovmces endemic aieas, so long as an infant is 
suckling its mothei’s milk, le, not mfiequently up to 2 or 3 years of age, 
goitres aie excessnelv raie In the Gonda endemic area 210 infants under one 
vear weie examined without finding a single goitie Between 3 and 5 years 
the late is about 5 pei cent, the goities often fiist appealing at this age some 
2 01 3 xeais aftei dunking goitie-watei Of 2,070 children between 6 and 
14 yeais 56 pei cent had goitie Adolescents whethei entering a goitrous locality 
horn outside oi boin within it aie alnaj's raoie susceptible than adults hence the 
incidence late amongst them is at its height Adults coming to a goitrous area 
from outside not infrequently escape the deformity altogethei, for the oldei 
the individual the greatei aie the goitrous influences lequired to pioduce a 
goitre and even if it does arise the smaller will that goitre be In the severest 
endemic areas the goitie late works out m the following approximate propoi- 
tion One to 2 years, 0 per cent, 2-5 >ears, 5 per cent, 6-12 years, 30 per 
cent, 12-15 yeais, 60 pei cent, 15-40 vears, 40 pei cent, and ovei 40 years, 
30 pel cent 

(2) Education, poverty — 'Very few^ w'ell-to-do people acquire goitre 
Educated persons (zemindars, sub-judges, lowei primary school teachers of 
whom theie are about 60 m Gonda^ merchants, station masters and assistant 
tiaffic manageis, clerks and shop-keepers) fiequently completely escape even 
in the w'oist endemic aieas But theie is no absolute immunity Education 
has taught them how to avoid goitre It is the poor uneducated ryot, labouring 
on and cultivating the soil, fai removed fiom a non-goitious watei -supply who 
de\eIop goitre 

(3) Sev — If goitres are enumerated in any area there is an apparent 
gieatei ratio amongst males, but semi-purdah amongst the women greatly 
increases the difficulty of their enumeration Probably the sex distribution is 
approximately the same, or indeed may be even greater amongst females for 
it IS lecognized that goitres are especially apt to appear when the thyroid 
undergoes its cyclic physiological slight increase in size, i e , at puberty, during 
pregnancx -and even during menstruation In certain villages, females without 
goitres are rare, and the swelling is indeed sometimes regarded as a desirable 
ornament amongst them 
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(4) Family, community and lace — Goitie certainly runs in families because 
each member of the family living in an endemic area is exposed to the same 
goitrous influences Hence a child of goitrous parents is more likely to develop 
a goitre than a child of non-goitrous parents But inheritance does not play 
a part or at least a maiked part in the production of goitre, for parents with 
goitres who remove to a non-goitious localitv do not seem to breed children 
with goitie Inheritance, however, is marked m sub-thyroidism and cretinism 
Theie is no apparent communal oi racial jiroclivity apart from the influence 
of education and poverty 

(5) Species — Goats, jackals and dogs are not infrequently affected I 
saw a dog with goitre in tlie Padrauna endemic aiea and placed it in the King 
Geoige's Medical College Patholog\ Museum Birds are also said to develop 
goitie undei natural conditions 

(6) Season — ^New goitres especially arise, old goitres enlarge and all 
goitres most lapidly develop during and after the rains, le, during October, 
Novembei and Decembei Foi it is, during the monsoon in the plain areas, 
that the livers overflow then banks and alluvium with the goitre-producing 
substance in it is spread over the soil and readily reaches the shallow wells 
Attendance at out-patients at the various disti ict dispensaries for goitre increases 
largely dining the months following the rams (Chart 1) 

(7) Diet — As the individuals affected are the poorest field labourers and 
cultivmtois who often cannot even afford a covering for their bodies, their 
dietary is naturally of the lowest value The> cultivate a moist, permeable, 
often unfertile soil, which is in the main unsuitable for the higher cereals 
(wheat, giam, iice and dal), hence maize (junhri) and sweet potato (ganji) 
form in the winter and millet in the hot weather the mam elements of their 
diet There is usuallv onh one meal a dav Even if higher imlue foods are 
cultivated they aie exchanged foi othei life essentials 

(8) Salt — The salt consumed is that known as Sambhar, obtained by 
evapoiatmg sea-watei and not sendha (rock-salt) which is more expensive 
After food famines, goitie seems to inciease and new' foci seem to appear 

(9) Associated diseases — 1 Malana — Owing to high sub-soil water and 
warm moist climate of the endemic aieas malaria is v'erv common, whether in 
the lull valleys, at the foot-hills or at rivei junctions 

2 Round-worms — For the same reasons with the easy pollution of the 
usual shallow drinking-water wells, round-w'orm infection is universal, up to 
some 60 per cent of the entire population being infected Indeed the doctors 
of the endemic aiea commonly state that piactically eveiy child is infected 

3 Hydrocele and elephantiasis — Few cases were observed in Gonda and 
Bahraich, but more w'ere found m the Basti marsh tract associated with 
endemic goitre Here some 20-25 per cent of the people suffer from hydrocele 
mostly young adults over 15 years of age Elephantiasis of the scrotum and 
legs is also found in the Basti marsh tract in about 3-10 per cent of the 
people, the villages neaier the Gogra being most affected This disease appears 
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to have been comparatively recently introduced (50 years back) and to be 
spreading It is a popular saying that men with goitre will not suffer from 
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hychbcele, noi will hycliocele appeal in goitious families, villages oi aieas 
Ceitainly this seems to apply to Goncla and Baliiaicli and also m the diy 
sandy Fyzabad district south of the Gogia wheie goitie (except imported 
cases) is unknown, but rvherc hydrocele is veiy common 

4 Plague and choleia are also reported as endemic in the Tailiai distiicts 
of Gonda and Basti Such endemic diseases with the extiemely pooi diet 
consumed cannot but render the populatron more susceptible to goitre, as indeed 
to any other disease 

(c) The endooine du>tui banco found in the endemic aiea 

(а) Usually nil — A goitie of itself usually has no effect on the physical 
and mental chaiacteiistics of the individual aftected It W'ould seem that suffi- 
cient thyroxine is usually piodticcd by the distuibed gland to satisfy the 
individual’s requirements 

(б) H ypei thiji oidwn — Exophthalmic goitre, which trained observers are 
not likely to miss, w'as not observed in the endemic aieas though especial 
observation and inquny w'as made for this disease Exophthalmic goitie is 
very laie amongst Indians In eight yeais’ experience at King George’s 
Medical College I have only seen two undoubted cases, one male and one 
female, though I have seen more cases acquired in India amongst Europeans 
and Anglo-Indians My collcguc" have a similai expeiiencc 

(c) Sub-thyioidisni — In the w^oist endemic aieas, how'e\ei, there is a very 
low^ mental standard amongst the wdiole population Distinct evidence of adult 
myxeedema may be found m (1) the atrophied skin covering the thick myxo- 
matous subcutaneous tissues, wuth supia-claviculai pads, (2) the thick puffy 
face, lips and tongue, (3) the lowered body metabolism, sluggish movements 
and slow^ed circulation, (4) dull mentality wuth deficiencies of speech and 
healing, many of the latter, may be letuined as mental defects 

(d) Cretins — Cretins are born of women wuth iiaitial thyuoid deficiency’’ 
or wuth ^igns of more fully developed myxeedema In the areas of greatest 
endemicity (eg, in Gorakhpur on the alluvium of the Gandak and in Gonda 
on the alluviuin^of the Taihai) such cretins are natuially mainly congregated 
Cretins may be grouped into three classes (Saidmian Commission) according 
to the degree of then mental capacity First class (or true cretins) wdio are 
entirely devoid of any intellectual faculty^ and are without powder of speech 
or reproduction Second class (or semi-cietins), whose intelligence is confined 
to satisfying then bodily w^ants, but wdio can speak in a rudimentary language 
and can reproduce Thud class for cretinoids) wuth sufficient intelligence to 
be trained to some simple work Cietins of all classes are plentiful in_ali_bad 
goitre areas in the U P All cretins are born of sub-thyioidic parents, and can 
at once be picked out from groups of villagers by (1) then dwarf size, 
(2) idiocy, (3) pig-hke features, and sometimes w’lth (4) large head, massive 
trunk, small extremities, small sex organs, (5) coarse swollen thick skin, hps, 
eyelids and tongue Plate LVII, fig 1 was secured m a Buima endemic centre, 
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and fig 2 in the Padiauna area These lattei cretins weie of a thin type I 
was inteiestcd in then loweied caibohjdiate tolerance The fasting blood- 
siigar and blood-siigii cuncs following 50 giammes of oial glucose of 5 cretins 
which was kindl> imcstigatcd by Rai Bahadm Captain J G Mukerji, worked 
out as undei — 

Tvble I 

* Homs after 50 grammes oial glucose 

Cietiu r istmg I ] 


1 

oos 

t 

oil j 

0-13 j 

f 013 

010 

2 

0-10 1 

1 

oil j 

0-14 j 

0-lS 

0-15 

3 

0 10 

i orll 

0-13 

0-12 

OOS 

t 

0 10 

o-ii 

014 

0-10 

0-10 

5 

j 0 10 

oil 

1 

O’OO 

COO 

1 

J 

0-10 


Three cietins weic subjected to rn oial glucose test of 200 gs of glucose 
but e\cieted no sugai theieaftei 

(e) Congenital deaf-mutes — The close connection between deaf-mutes, 
cietins and goitie is well known, but since the census lecoids the clistiibution 
of deaf-mutes in each province of India, and since these figuies aie utilized 
latei as an indication of the clistiibution of goitre in India, it is desirable to 
produce definite evidence of this ciobc connection In the U P census report 
for 1901, the following figiues aie given for the Gonda Tehsils — 

Table II 


Goitie cases attending dispensanes 


Tehsil 

Total number 

Per 10 000 
population 

01 as 

Deaf-mutes per 
10,000 

1 

Gonda 

19,385 

509 

56 

47 

2 

Tarabganj 

29,971 

821 

1 

9*1 

93 

3 

Utraula 

5,899 

90 

10 

27 


Allowung for the laige percentage of non-goitious Nepalese who come to 
the Utraula dispensary wutli ordinary complaints the tehsil ratio for goitre and 
foi deaf-mutes is piactically identical This is interesting evidence But 
siniihi figuies could be presented for any sufficiently endemic aiea in the U P 
foi goitie, cietinism and deaf-mutes eveiywheie occupy the same aieas of the 
highest endemicity 
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Again deaf-mutes aie fiequent m families whose other membeis are cretins 
and whose parents have goitie, and these three diseases tend to recui m the 
affected families Healthy parents coming to an area of high endemicity 
produce chrldren with goitres and also produce cretins and deaf-mutes, whilst 
if the parents remove to untainted districts they seldom produce diseased 
children 

In the next tr\o sections the distiibution of deaf-mutes according to the 
census r etui ns can be compared with the distiibution of goitre according to our 
own surveys These distributions will be found to be coterminous In India 
therefore the distribution of congenital deaf-mutes may be taken as an index 
of the distribution of severely affected endemic goitre areas 

SUMMAR\ 

1 The clinical history of the neck swelling and of its various setiological 
factors in the United Provinces are described The common onset of the goitre 
at puberty amongst ignorant cultivators especially during or aftei the rams is 
noted The sex, family and dietetic conditions and the associated endemic 
diseases are recorded 

2 No endocrine disturbance is produced b> the usual endemic goitre 
No case of exophthalmic goitre was observed m the endemic areas and is in 
any case very rare amongst Indians The disease group of cases of simple 
goitres, sub-thyroidism, cretins and of congenital deaf-mutes occur together in 
the same endemic areas 

3 The distribution ot congenital deaf-mutes may be taken in the worst 

areas as an index of the distribution of goitre in India 
* 

II Distribution of congenital deaf-mutes in the United Provinces 

On each of the five attached maps (Map's 1 to 5) I have charted the 
distribution of congenital deaf-mutes per 100,000 of male population according 
to districts m the United Provinces for the census years 1881, 1891, 1901, 1911 
and 1921, whilst Map 6 provides a named key to the districts and rivers of the 
preceding five maps The areas most affected at each census are marked in 
different shadings 

Aieas affected — At each census there have been two areas mainly 
affected (1) The Himalayan Tract consisting of the districts of Tehri State, 
Garhwal, Almorah and Nairn, and (2) a sub-Himalayan tract consisting of the 
districts of Bahraich, Gonda, Basti and Gorakhpur 

Dectease in numheis — It will be further noticed that the number of 
congenital deaf-mutes recorded have diminished lemaikably at each census so 
that there were approximately half the number lecoided at the 1921 census as 
at the 1881 census This decrease is in part apparent and in part real 
Apparent because in the census of 1881 and 1891 only deaf persons were 
numbered, whereas subsequently it was laid down that the person must be both 
deaf and dumb, and in addition only those deaf and dumb since bnth were 
to be included The fact that the largest proportionate decrease after 1891 
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Map 5 

Distnbution oi Deaf -mutes m the U P 
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was 3n the age period over 60 substantiates this point In 1911, there were 
about one quarter lakh of congenital deaf-mutes m the province 

Chart 2 

Distribution of congential deaf-mutes by age 
Census 1921 

(Census of 1911 is very sunilar ) 



Age distribution — ^The distribution of deaf-mutes by age in the United 
Provinces according to the 1921 census is shown m Chart 2 and is very similar 
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to that of 1911 Thcie I'l a ^a-,t vmclcicitiiUtite of tonj'ciutiil doaf-mutes in 
the 0-5 yeaib gioup Foi p.ucnts hc'^itate to lepoit then child a-!, a deaf- 
mute until all hope i> lost, inefeiun" to bchccc as long aa possible that speech 
and healing is iiieieh dclajcil Deaf-mutes aie not long h\ed so that the 
numbeis chaited at tlie liigliei age peiiods should be iiicicasingly small, but 
the mci cases shown in the chait o\ei 50 \eais of age obviously include many 
cases of deafness aiising in old age 


III DisiniBLno-N or lxulmic coiiui i\ iiin U.Mnn Phomnols, and its 
RLumox TO si'Lcun diunkim. w mlus \m) to si’lcivl soils or 
IIIC.II CCLCILM-CONILM 

Ini) ochu lion 

1 The foil) endemic aiea^ — ^'Phe distiibution ol congenital deaf-miitism 
in the United PiOMiices as set out m the pieceding section into (1) the Hima- 
layan Tiact of Tehii, Gaihwal, Almoia and Naim and (21 the sub-Himalayan 
tiact of BahiaicJi, Gouda, B.isti and Goiakhpui mdiCiitetl that the endemic 
aieas of goitie will also be found in tho'C tiacts Inloimatiou gcnciallj acail- 
able m the United PioMncos suppoitcd this mcw and additional ccidence was 
affoidcd by Civil Siugcoiis m icpl> to .i ciiculai lettci as to the ficquenc> of 
goitic in the icspectno distucts of the piocincc In\ e&tigatioiis wcie theiefoic 
concentiated m these tiacts In the sub-IInmda> an aica two tiacts, which 
meiit scpaiatc consideiation, weic noted, \u, the maisln Taihai tiact of 
Bahiaich, Gonda, Basti and the damp Padiaiina tiact of Goiakhpui To these 
twm tiacts maj be added a thud tiact along the Teiai loot-lulls, which is an 
aiea of minoi endeinicit> onlj , with which may be eon''Uloied the upland 
(Upaihai) tiact 

2 Goitie and non-goiti oils wateib — The common belief amongst villageis 
IS that the cause of goitie lies m the watci, and this is suppoited b> a laige 
mass of sound evidence collected be nianj obscivcis, medical and otheis, in- 
vestigating goitie m its endemic aicas AVhcievei foi instance, one poition of 
a village w^as moie maikedly goitiou^ than anothei poition, it wms found that 
villageis took then w^atci fioin diffcient w'atci -supplies, one of wdiich was iccog- 
nizecl as being nioie goitioiis-pioducmg than the othci Some ivatei -supplies 
indeed aie known as ^goitie' wells oi ‘goitie spiings’ by villageis in that the 
dunking of such watei causes goitie to develop whilst othei iiveis, wells, oi 
spiings aie knowm not to cause goitie Some of the lattei wmteis indeed may 
establish a leputation foi ciuing goitie, foi if peisons with eaily soft goitie 
dunk only fiom such supplies the goitie will disappeai In such a case the 
puie wmtei opeiates in a similai mannei to that of a good umtei -supply diunk 
by a pel son who leave"? an endemic aiea and whose goitie disappeai s on this 
account Such goitie w'ells ’ and ‘ goitie-cuimg wmlls ’ have had then peculiai 
pi Opel ties tested by geneiations of villageis 
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3 Calciuin-wate) s — Aloicovei many villageib lecognize that it is ‘ cliuna’ 
\iatci containing a laige excess of lime and coming fiom lime locks that is 
the pecuhai cause of goitie Such goitie-pioclucing ■\^atel is lecognized by 
villageis as having lime-containing piopeities by the following chaiacteis 
(1) haidncss, (2) ‘ hcaw\' ’ consistency, (3) ‘piicking’ (astimgent) taste, 
(4) lime ‘smell,’ (5) lemaming varm m all seasons whilst good (goitie-free) 
w^atei keeps cool (this is an outstanding comment of the people), (6) high 
lime content, so that (al when boiled a fine chalky deposit is left on the vessel, 
(b) when concentrated in the hot w'eathei, the watei becomes milky and 
deposits white on a biass lota tinning the lattei leddish, (7) peisons drinking 
such watei deielop goities, (8) if such dunking watei be changed foi good 
(non-goitious) watei, small soft goities will disappeai Hence clunking watei 
containing a huge amount of lime is icgaided as the cause of goitie by many 
villageis m these endemie aieas 

4 Diffoing jactots in the /oui endemic aieas oj the U P — ^Each of the 
big endemic aieas of the United Piovmccs lequnes sepaiate consideiation foi 
the mam factois pioducing an excess of calcium in the watei -supply of each 
vanes The chief souice of goitious watei in — 

(a) The Himalayan Tiact, aie the haul (ealcium) spiings fiom soft 

lime locks 

(b) The Padianna Tiact, aic shallow well-wateis supplied fiom a damp 

allmial soil of extiemely high calcium-content 

(c) The Foot-hill Tiacts, wheie theie aie man> small mountain stieams 

lunning o\ei watei-woin limestone bouldeis and mountain 
debris 

(c/) The Maishij {Taihai) Tiact, wheie somewhat similar conditions to 
the Padiauna area exist but wheie the many mountainous tiibu- 
taiies flowing into the noith bank of Gogia liver especially affect 
the sub-soil w'atei leiel and local conditions 

Each of these foui aieas may now be consideied m gieatei detail 

(a) In the Himalayan tiact 

5 Goitie pieualence — Map 7 sets out the goitre distiibution as observed 
m the Himalayan tiacts of Tehri, Garhwal, Almoiah and Naim The map is 
fai from complete Owing to several cncurastances this area could be smveyed 
only m part Unlike the plains w'here endemic goitre is found m large areas, 
m the hills goitie is scattered m different and often not adjacent villages 
These endemic villages are situated in the hot moist liver valleys where maize 
IS often freely cultivated Villages over 5,000 feet in cool climates appear 
flee Some 35-50 per cent of the population of the endemic villages are 
affected Some 3-5 pei cent of the population in endemic villages are deaf- 
mutes Cretins are also found One small hill area w^as observed m wdiich 
goitre IS especially endemic, viz , tliat area between the two iiveis Kah and 
Goii, wdiich later become the iivei Gogia running south of Bahiaich For the 
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past 20 years there has been a gcneial decline m the goitre rate and new cases 
of undei 15 >eais aic now not commonly met w’lth, fai less frequentlj than 
in the endemic plain aieas Of the eases seen 60 pei cent were between 15 
and 45 years and only 30 per cent between 6 and 14 years After famines 
w^hich arc not infiequent m the lulls, inhabitants of new villages are apt to 
show thyioid enlargement Goitre is also prevalent in the foot-hills (Bhabharj 
of the Naim and Garlnval districts to a rate of some 10-25 per cent The 
Bhabhar soil is friable and porous, the ujiper la>ei being washings from the 
lull-sides and consists of a thin coveiing of alluvium ovei bouldeis and shingle 
The sub-soil watei is at 8-10 feet The soil !■- moist and numerous nullahs 
and streams dram oft the hill-w'atei 

6 Watei -supplies — ^The watei -supiilv of the-'C lull villages is bv moun- 
tain spiings diiect, or bj a small tank into which such spiings trickle Where 
there arc no springs, open artificial channels arc used to bung water from a 
high level supply ovci some distance In the Bhabhar which is very dr^, water 
flowing down the mountain slopes (always small in quantity) is stocked in 
shallow wells for drinking 

7 Calcium- content — Haul ilime) w.itei ^piings aie believed by the lull 
vullageis to be the cause of then goitres In cverv village where goitre was 
endemic Dr Lai traced the w'atei-supplv dm mg this investigation to calcium 
rocks There aic twm vaiictic> of limestone locks commonlv found, (1) a dark 
hard variety and (2) a soft white variety Both varieties aie burnt in kilns 
to prepare lime for building The soft white variety is the one found associated 
with calcium springs A little earth is deposited on the stones at the mouth 
of such springs in wdiich wmeds grow Later some calcium is deposited in the 
meshes of these weeds, gradually moie and moic calcium is deposited until 
large blocks, some in most artistic designs, arc formed Such rocks are known 
by villagers as ‘gi owing rocks' as the new" lime foimation with each annual 
deposit makes the rocks bigger and bigger Such ‘growing’ locks are some- 
times dug out by contractois foi building lime These locks are very porous 
and w"ater highly charged w"ith calcium m solution trickling through them 
freely evaporates during the hot vvmather in the hot valleys thus adding to 
their rapid growth Such limestone rocks aie closely associated with water 
highly charged with calcium (hard w-ater) 

8 Examples — Examples of the association ot calciura-vv atei pioducing^ 
goitre in the Himalavan tract may now be quoted — 

(1) In Gorjia in Alraoiah the watei -supply is so heavily charged with 
calcium that it becomes milky during the hot months Sixty pei cent of this 
village are goitrous 

(2) Baluakot and Nangtai are adjoining vallages in Alraoiah with all 
conditions of life the same except that the formei has a hard water from calcium 
rocks as a water-supply with 45 per cent of goitres, whilst the latter has a soft 
water-supply and is goitre-free Such a fact explains the apparent haphazard 
distribution of goitie from one village to anothei Theie is no laige area w'here 
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all drinking water comes from calcium rocks and hence no large localized 
distribution of goitre, as m the plain areas 

(3) IManj villagers can tell by the characters already mentioned whether 
any given water contains lime in excess or not and have come to associate the 
former with the cause of goitre Hence when they wish to be goitre-free they 
aim at changing to a non-goitrous water Village Neoh m Almorah used to be 
famed for its goitres, but now the goitre rate is only 25 per cent, and no 
adolescents ha\e acquired goitre since the water-supply has been changed to 
a goitre-free source 

(4) Village Urgam m Garhwal and Dharchula in Almorah are examples 
of one section of a village taking its drinking water from a calcium rock source 
and suffering heavilj witli goitre whilst another section drinks from a pure 
spring and remains goitre-free 

(b) In the Padrauna Tehsil of Gorakhpur 

9 Goitre distribution of sub-IIimalaijan area — Map 8 charts the 
approximate goitre distribution m the sub-Himalayan tract which lies between 
the river Gogra to the south and the Himalaj-as to the north and consists of 
the Bahraich, Gonda, Basti and Gorakhpur districts The areas of high goitre 
endemicitj are not equally distributed over all four districts but are concen- 
trated in two mam areas The first of these is the Padrauna Tehsil immediately 
west of the gieat Gandak and the second being the low-lying moist (Tarhar) 
tract of Bahraich, Basti and Gonda A minor area is that north of the Terai 
f foot-hill) tract 

10 Bhat soil — ^It IS the universal belief amongst villagers founded on 
generations of experience that goitre is due to drinking water from wells sunk 
m special soil known as Bhat soil which is spread over 75 per cent of the 
Padrauna Tehsil For all practical purposes the distribution of goitre in the 
Gorakhpur district follow's almost exactly the distribution of this Bhat soil, 
whereas the soil of the adjoining Mahrajganj Tehsil is known as Bangar soil 
and IS practically goitre-free (5 per cent) A strip of Bangar soil runs 
into the Padrauna Tehsil and the goitre percentage on this is also 5 per cent 
only Hence the characteristics of this Bhat soil and its points of contrast with 
Bangar soil demand the closest scrutiny 

Bhat soil consists of alluvium brought down from the Himalayas by the 
great Gandak river and spread over the Tehsil during the flood times when the 
numerous small afiiuents of the Gandak become distended and overflow their 
banks The water penetrates the very permeable Bhat soil, leaving at each 
flooding a fresh deposit of the alluvium and salts brought down from the hills 
and added to the former alluvium Bhat soil is about 3 feet deep deposited 
on layers of sand It contains small limestone rocks It is mainly a limestone 
soil, being therefore very rich m calcium (32 per cent) which may be compared 
with the calcium-content of Bangar soil (2 per cent) which is stiffer with more 
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clay and less sand in its composition Bhat i" leniaikablj uhite, the whiteness 
being non-ciystallino but of a po\\dei> white consistence, both of winch features 
are appaiently due to its high c.ilcuim-content The soil is "-o friable that 
oxen aie not icquiicd for ploughing, the liglit poious fiuiblc ^oil being leadily 
tinned with a hand bamboo shcai It i'' so fiiablc tliat tiic making of un- 
biicked w’clls is most difficult The watci fiom the wells in this Bhat soil is 
leiv haul (fai haidei in Padiauna than in Goiakhpin) fiom a high calcium 
peicentnge into Foi ciops Bhat ‘'Oil is onh a medium "Oil, foi though all 
Cl ops can giow’ on it tliev can onh pioduce a pool -^iipph but no expense is 
mcinied foi cattle foi ploughing Bhat '^oil i-^ \ei\ poimealiie and extiemely 
letentive of moistinc with a high sub-soil water-level at 10-12 feet all the \eai 
loimd It IS an aphoiism in the aiea not to '^leep on this damp Bhat soil 
The maidn natuic and piesence of a laige numbei of ''inall stieams and 
nullahs IS anothei fcatuie ol this goitiou'' "Oil In the Padiauna Tehsil then 
we haie a lemaikable example of the endemic goitie being piacticalh limited 
to the disti ibiition of a special alluMal soil whose staking chaiaetcustic lies 
in its high calcium-content of 32 pei cent, some hundredtold the normal 
percentage of calcium in soil This calcium is bi ought down in the lull streams 
fiom the limestone mountain locks, and is deposited with the alUiMum in the 
maishy soil, which possesses a \cin high sub-soil watei-leccl The shallow^ 
wells in this ssoil thus become leadih filled with a haid watei of high calcium- 
content 

11 Goitie lates — The Padiauna Tehsil lies some 400 feet above sea- 
level Ruial aieas aie fai moie aftected than the only town (Padiauna) wdieie 
the w atei -supply has been seemed good A village goitie late may fluctuate 
ovei a senes of leais, an impioiement being attiibutable to an impioied w'ell 
supply The disease appears to be on the deciease Deaf-mutes aie common 
Amongst 600 persons with goitie si\ cietins fl pei cent) were counted The 
gieat Gandak foi ms the eastein boimdaiv of the endemic aiea, and the little 
Gandak the western boundan The latter is usually div except dining the lains 
when also many small shallow lakes aie foimed between the twm 

12 Watei -mpply — ^IVell-w'atei is used foi chinking, and the wells aie 
usually yen shallow^ as the undeigiound watei-le\el is yeiy high At times 
dining the lams the sub-soil w’atei-leiel and the suiface wmtei become indis- 
tinguishable and the saying goes that 'cattle dunk wmtei fiom the W'eUs’ 
Although the gieat Gandak is lesponsible foi the Bhat soil and hence mchiectly 
foi the endemic goitre of this aiea, \et those hying on either of its banks and 
wdio chink its wmtei escape goitie, whereas the incidence of the disease is high 
near its affluents, eg, the Bansi uinning thiough the areas of the Bishanpoie 
and Tarsi Sujan police stations The reason lies m the great strength of the 
Gandak stream fiom winch suspended mattei ciiiickly sediments Well-w'atei 
of many wells were kindh analysed by the Public Health Depnitinent The 
follownng goihous water from Milage Khada m Goiakhpin is an example 
Solids, total 90, fixed 46, volatile 44 Total hardness 32, calcium 24, both m 
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pnits pel 100,000 Iodine ml (In no wateis goitioiis oi otheiwise in the 
U P MUb iodine noted) Nitiites and nitiates piesent 

13 Climate and inhabitants — ^Thc climate is veiy moist, the lainfall 
(50-70 inches) being Inghei than in any othei plain distiict of the 
piovince The Tehsil is densely populated (700 pei squaie mile) practically 
all being engaged in agiicultnie Veiy baekwaid, pooi and undei-fed, the 
villagei of the endemic aiea is appieciabh infeiioi in capacity and intelligence 
to those elseyheie in the di'stiict He is indeed so pooi as to be unable to 
aftoid sufficient clothes to coiei his bod\ His diet is mainly iice and maize 
The salt is of soinbie qualiH (cvapoiated sea-watei), niipoited fiom outside 
No diffeience could be detected in the dietaiies of those living in the affected 
and non-affected ullages 

(c) In the foot-hill {Teiai) and plateau (Upaihai) tiacts of Bahaich, Oonda 

and Goiakhpui 

14 Thiee of the sub-Himalayan distiicts of Bahiaich, Gonda and Basti 
fall natuialh into thiee tiansveiseh lunning tiaets known as — 

(1) The foot-hill (Terai) tiact 
‘ (2) The plateau (Upaihai) tiact 

(3) The lov-hing moist (Taihai) tiact 

The lattei is an endemic aiea of high degiee, the formei two aieas will also 
be consideied in this section 

15 The sub- mountainous foot-hill (Teiai) tiact — ^This tiact lies between 
the Himalayas to the noith and the rivei Rapti to the south The area is full 
of small nullahs, diy m the hot weathei but which serve to draw off mountain 
water m the lains and which then form many sw^amps To the evtieme noith 
theie IS a line of foiest land, wheie the heaaw elav forming the soil of this aiea 
gives ways to sandy cla^ which is mteispeised wuth waatei-wmin limestone 
bouldeis and lime kankei fiom the mountains Watei m the Teiai is diawn 
fiom the shallow w'ells wdiich aie, however, veiy few m numbei especially m 
the foiest aiea When the«e luii div, as they often do, the people use the small 
lull iivulets foi dunking Along the Rapti iivei the villages aie goitie-fiee, 
noi does the disease become intense until about one mile fiom the foiest 
boidei IS leached, where the villages commence to show an increasing pievalence 
from 3-5 pei cent The woist villages, some of which show a late of 30 pei 
cent, aie situated on the edge of the hill-iivulets The disease in general is not 
seveie heie It is said to have only been fiist obseived some thiity yeais ago 
The size i cached is seldom biggei than that of a tennis ball Big goitres aie 
usually impoited cases No deaf-mutes oi cietms weie obseived The common 
food IS maize (junhii) 

16 The plateau (Upaihai) tiact, 390 feet — ^This tiact is sepaiated fiom 
the foot-hill tiact on the noith by the iivei Rapti, and fiom the low'-lymg 
moist Taihai tiact to the south b-v the iiveis Saiju, Tehii and Kuwano The 
tiact IS a slightly laised plateau The soil is a stiff clay, unsuited to maize 



1074 


Endemic Goifie in the United Piouinces. 


but the giain liaivest'^ aie iieh, and tlic Upaihai i‘' the most flouribhing pait in 
each distiict Wells aie plentiful The tiact is almost fice from endemic 
goitie, such cases being usu.ilh impoitcd fiom the south Such old-standing 
goitie were haid and laigei than a tennis ball Only tuo of some two hundred 
villages examined sho\sed a geneial pievalence, one f Pandit Puiva) onK a 
few miles fiom Gonda elt^ on the Tarhar boundau possessed onh seven houses, 
one well, 25 persons with 50 jici cent goitie^ Se\eial of this village were 
paitialh deaf Two deaf-mute biothcis had i goitrous mothei 

(cl) In the low mm^hij (Tcuha)) tiact of Bahiaich, Gonda and Basti 

17 Goitie latei — Endemic goitie i^ not spread cvenlv over this marsh 
tract, which lie^ ^ome 310 feet above ‘5ea-le\el south of the Uparliar edge and 
north of the Gogia iivei The goitre latcs \arv under three separate conditions 
Firstlv, the incidence increase'^ lapidly southwards from the district towms of 
Bahraich, Gonda and Basti, the peicentagc using in different areas from 
10-80 pel cent Secondlv, the goitie i ite again decreases along a narrow 
strip of land bordeiing the noith bank of the Gogra, wheie there is little goitre 
Thirdlv and b\ far the mo^t markedly, the goitie late noith of this narrow strip 
along tlie nortliein bank of tlie Gogia is gieatly influenced by an area of land 
being enclosed between tw-o ineis, eg, fll in Bahraich, at the junction of 
the Chandra and Gogra iivei (50 pei cent), (2) in Gonda, between the Tehri, 
Sarju and Gogra (70 pei cent), and (3) in Basti, betw’cen the Manwar, Kuw'ano 
and Gogra (50-70 pei cent) Such aicas are compaiable to other endemic 
areas between nveis as (4) that between the Kali and Goii rivers m Almorah 
(40 per cent) and (5) betw'een the two Gandaks m Gorakhpui (50 pei cent) 
Of all endemic aieas that Ivmg between the Tehii, Saiju and Gogra of the 
Gonda district and knowm as the ‘Tiivaha’ oi land betw'cen three rivers is 
the most seveiely affected having a goitre late of some 70 per cent whilst 
numerous idiots and deaf-mutes are met heie Amongst some 5,425 persons 
m 13 hamlets there w^eie 24 deaf-mutes and 2 cietins, i e , roughly 1 m 250 was 
a deaf-mute Children with defective speech, deficient hearing and feeble 
mentality were very common The inhabitants themselves designate the wmrst 
villages in this area as ‘ the abode of fools -and it is a populai axiom that 
human intelligence diminishes wnth length of residence in this area The oldest 
inhabitants state that goitie has been pievalent m this area foi generations, 
long beyond human recollection 

18 Marshy soil with high snb-soil xoatei — The soil of these aieas, hke 
the Bhat soil of the Padrauna Tehsil, is alluvial and is kept m a high state of 
saturation with a high sub-soil water (about 10 feet m the dry weather and 
4 feet or less m the rams) by the confluence of a laige tiibutary with the 
Gogia The area is beset with numerous small streams and standing water 
expanses which vaiy in extent with the season During the rams the water of 
the tributaries of the Gogra with their limestone washing from the hills are 
forced backwards into the streamlets Piom these the tract is very liable to 
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muuchtion \nd lomains \\ atci logged, the «oil lecenmg fiesh deposits of alluvium 
and of calcium The flow of the sub-^oil W'atei is natuialh gicatei m the 
upland than in the maish tiact The climate i« natuiallv humid The dunking 
waatei is mamh fiom shallow w'elK 

T^he soil IS sanda oi sometimes i poioiis loam, but again like that of the 
Padiauna Telisil, it is veiy friable and permeable so that ploughing with oxen 
IS unnecessaiy, a small hand-spade onlv being used The chief ciop is maize 
and sweet potato but laige unfeitile sti etches leinain uncultivated The soil, 
like that of the Padrauna Tehsil, has a ^cl^ high calcium late (9 pei cent) 
being some thiityfold abo\c that commonh found (0 3 pei cent) The 
following IS the table showing the ealcuun-caibonate in vaiious samples of 
soils of all tehsils of six distiicts kindlv analysed foi me by the Diiector of the 
Agriculture Depaitment, UP — 

Tadle III 

Showing the (unoiuit oi calcnim-iaibonate in soils o/ all tehsils oj six districts 


N itnc of district 

Tohsils 

Calcium-carbonate 

Gorakhpur 

Gorakhpur 

0'25 

Do 

Padrauna 

39r36 

Do 

Deona 

0*27 

Do 

Hatha 

0r23 

Do 

Mall uajganj 

2 70 

Do 

Bansgaon 

139 

Bisti 

Basti 

0-27 

Do 

! 

Klnlibb-id 

1 

0-23 

Do 

Bansi 

0r73 

Do 

Domanaganj 

0-25 

Do 

Harraiya 

0r29 

A^amgarh 

Azamgarh 

0 38 

Do 

Nizamabad 

0-32 

Do 

Ghosi 

0-65 

Do 

Sagri 

0-34 

Do 

Miihammadabad 

a32 

Do 

Ahraula 

198 

Oondi 

Gonda (Tarhar) 

9-13 


J, MR 


2 
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Tvhli hi — (ondd 


N uno of (li'itiiLt 

I cli'iK 

C di iiim-c irbon ito 

Gond i 

Tail)f;anj (Upnliii) 

1 

0 29 

Do 

Tuljgaiij (Tirlnr) 

■>S3 

1 

Do 

Gone! i (Upniiir) 

1 (r2o 

Do 

Utiaiil i 

1 0-20 

Raia Banki 

B u i Banki 

j cris 

Do 

Ram^anoiu Gli U 

0 27 

Do 

Haidar Gaih 

j fy70 

Do 

Fatehpiir 

j 0 IS 

Sitapm 

Sdapur 

0-29 

Do 

Biswan i 

0-31 

1 

Do 1 

''idhaiili I 

0*32 

Do 

Misnkh 

0*32 


19 Goit) e-p) odticing p} ope) ties of icnto -supplies — ^Theie aie ceitam 
obseivations of con'sideiable inteic'it concerning the goitie-pioducing piopeities 
of iiveis and wells in this sub-Himalayan area which may be eniimeiated heie 

(1) Himalayan iivei=: and sticams bung down calcium dissolved and 
suspended in then w’^ateis fioin the mountainous limestone This is spread 
ovei the endemic aieas wnth the alluvium 

(2) As soon as the iivei is w'ell cleai of the hills, at a ceitam point, the 
goitie-producmg piopeit^ di'=appeai^, appaientlv because the calcium has 
sedimented 

f3) Riveis with 'stiong cuiients do not give use to goitie, eg, the Big 
Gandak has a strong cuiient and hence does not cause goitie, but wmlls on the 
bank of the iivei fed with sub-soil wmtei containing much calcium fiom Bhat 
01 similai soil, cause goitie So also with the Gogia, Tehii, Saiju and Rapti 
It IS a geneial lule that villages on the banks of iiveis in an endemic ai^a^ 
lemain goitie-fiee since the villageis dunk the stieam-watei and escape goitie 
This explains the stiip of compai atively goitie-fiee aieas along the noith bank 
of the Gogra An inteiesting example was a ceitam village wheie a small 
colony of Chiistians on the iivei bank diank iivei-w''atei and escaped goitie 
whilst the lemaming village population of Hindus and Mohammedans diank 
fiom a goitious well-watei and ‘^howmd a 40 pei cent goitie late 

(4) South of the Gogia, in the diy sandy aieas of Fyzabad-theie is no 
goitie, because the Gogia tiibutaiies wdiich keep the soil moist and calcium 
satuiated all flow^ from the noith 
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(5) Vt the junction ot the Gogin with the Ganges, tlieic aie aieas in 
\.ziingaili 111(1 Balli nliuli Inie a definite piopoition of new gtiities though 
not leaching tlic higli i itc^ of iieas noith of this iivei 

(6) PciiocK of n itei scaicitc dine people to goitie-ivatci which itself may 
ha\e become conccntiatcd fioni c\cc«sive heat and hence i« apt to increase the 
new goitie i ite 

(7) Pucca deep wells aie less goitioiis-pioducing than shallow' w'ells, since 
a lowei watei-supph is tapped and the calcium-containmg sub-soil watei 
IS kept aw aj 

tS) New officials and educated peisoiis m encleniic aieas wdio are unable 
to obtain good supplies, boil tbc watci and thus diive off the caibon-dio\ide 
which holds the lime in solution as calcium-caibonatc, causing it to piecipitate 
as the well -1 ecognizcd ‘white powdei ’ Hence they escape goitre 

(91 As jungle is eleaied and watei -supplies aie impioved, the disease 
deci eases 

(10) Neai Klialilabad in Basti is a \iHage which used to obtain its W'ater 
from a non-goitious well in a neighbouiing village and had no goitie For 
convenience a well w'as dug Foi some time people who diank this water 
developed goitie So the well was filled in and watei bi ought fiom the previous 
nllage as before Goitie disappeared 

SUMMVB'i 

1 The foui endemic aieas of the United Provinces aie first described 
The village belief that the cause of goitie lies m the watei and especially in 
calcium-water is emphasized The featuies bv wdiich villagers recognize a 
goitre-pi oclucing w'atei are lecoided 

2 In the Hiinalavan tract the goitre distribution is mainly in scattered 
villages in the hot damp valleys and also m the foot-hills (Bhabhai) The 
w'ater-supply in the foiinei is mainlv bv mountain springs and in the latter b}' 
mountain streams In ev'eiv goitie village evamined the w'atei-supplj' was 
traced to limestone rocks, often the so-called ‘giowung’ rocks Weeds looted 
on soft limestone bieak up the stone and bv the caibon-dioxide the} produce 
tiansfoim insoluble lime into soluble calciuin-caibonate Examples of calcium- 
wateis causing goitie are quoted 

'*3 In the Padiauna Tehsd the goitre distiibution follows almost exactly 
that of ‘Bhat’ soil which is a pow'deiv' fiiable wdiitish alluvium about three 
feet deep brought down from the Himalayas by the Gandak system and 
containing the enormous proportion of 32 per cent of calcium The drinking 
water from the shallow wells of this soil naturallv contain a high calcium- 
content (24 parts pei 100,000) This Bhat soil is clamp with a high sub-soil 
level Into this ‘ Bhat ’ soil of the Padiauna Tehsil a tongue of ‘ Bangar ’ soil 
cuts This soil contains only 2 per cent of calcium, and the goitre rate on it 
IS appioximateK 5 as compared wuth 50 rate on Bhat soil 
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4 The sub-Himalaynn area of the United Piovinccs falls into three 
natural transversely runnrng tracts fl) The foot-hill fTciai) tract, (2) the 
plateau (Uparhai) tract, and (3) the lou -lying nroi‘-t fTarh.ii) ti act, the latter 
of whrch constitutes an area of high cndeinicit\ 

5 The foot-hill fTeiail tiact to the north develop-? into a atiip of forest 
land at the mountain edge with a goitre rate of 10-25 in ceitam villages 
drawing then drinking water from hill -streams which coui-e over water-worn 
soft limestone boulders and rocks, and soak through the hill alluvium and 
debi IS 

6 The plateau (Uparhai) tiact is mainly free fiom the dcv'elopment of 
fresh goitre cases 

7 The marsh}’’ (Taihai) tract shows intensely endemic areas where the 
tributaries from the Himalayas join the Gogra The most endemic of all 
areas is that Iving between the three rivers Tehn, Sarju and Gogra where the 
goitre rate is 70 pei cent and which is known as the ‘ home of fools’ The soil 
of these areas is mtensolv damp and the sub-soil water is at a high level 
especially during the rams Like that of the Padiauna Tehsil the soil is 
alluvial, friable and porous with 9 per cent of calcium A. brief levuevv of the 
goitre-pioducmg properties of ceitam water-supplies is given 

IV The distribution or congenital devf- mutism in India 

The following information has been collected, m the mam, from the Census 
Repots fo) India-and from each of the elev^en Provincial Reports from 1881 
to 1921 In all endemic areas, as in Europe and America, the three infirmities 
of deaf-mutes, cretins and goitre exist side by side m the same areas, and these 
areas of maximum intenMty are ordinarily ‘m relation with ceitam riv’eis and 
hills’ In 1901, m Champaian of 178 genuine cases of congenital deaf-mutes, 
22 were insane, 43 w’eak-minded (le, were cretins or cretinoids) and 51 had 
goitres 

2 The rates for deaf-mutes per 100,000 of population are set out with 
the province, state or agency as a unit m the folio wung table — 


Table IV 

Piopoihons in individual Piovinces and States 


1 

ProMnee, State, Agency 

1 

1 

Proportion of deaf- 
mutes pel lakh of 
population 

Numerical order m ^ 

1921 

1911 

1921 

1911 

Indu 

60 

64 



Sikkim 

176 

266 

1 

1 

i 

Kashmir 

138 

98 

1 

2 

2 
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T.vble IV — concld 


Province, State, Agency 

Proportion of deaf- 
mutes per lakh of 
population 

Numerical 

1 order in 

I 

1921 

1 ^ 

1911 

1 

1921 

1911 

Burma 

1' 

90 

1 

71 

3 i 

10 

Punjab and Delhi 

89 

84 

4 

4 

Central Provinces and Berar 

1 ^ I 

47 

5 

15 

Baluchistan 

85 

60 

6 

5 

North-West Frontier Province 

84 

96 

7 

3 

Assam 

70 

76 

8 

8 

Bengal 

1 

69 

j 9 

11 

Mysore ] 

60 

77 

10 

7 

Bombay j 

55 

61 

11 

12 

Travancore | 

! 51 

29 

! 

IS 

1 

Bihar and Orissa i 

j 53 

72 

i 13 

1 

9 

Madras 1 

i 51 

78 

1 

6 

Cochin 

' 51 

36 

1 

16 

United Provinces 

50 

56 

16 

n 

Central India and Gwalior 

34 

23 


20 

Baroda 

28 

1 

21 

! 18 

21 

Hydeiabad 

27 

33 

19 

i 17 

Rajputana and Aimer 

26 

29 

20 

i 18 

Coorg 

1 

12 

50 

1 21 

1 

1 14 

1 


Thus the provinces at the foot of the Himalayas (excluding the Central 
Provinces where there appeals to be some error in 1921) aie shown to be the 
most affected, except the United Provinces which, on the piovmcial basis ratio, 
stands only sixteenth out of twenty-one units But with each province the 
average of deaf-mutes show extiaoidinaiy local variations-and the general low 
average m the United Provinces is due to fieedom fiom the disease in the 
densely populated tracts i emote from the Himalayas whereas in the Himalayan 
tract deaf-mutes are as common as in Kashmir, in Sikkim and m Burma which 
usually show' the highest rates 
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3 The following examples will iiulicate how gieatK the deaf-mute rate 
varies wnth local conditions within the pioMiite In the Punjab, United 
Provinces, Bihai and Bengal, deaf-muti'in nuaiiabh exists in highest clegiee 
111 and along the foot-hills of the IInnala\.is 


Pio\ nice 
Puilj.llj 

Hihai 


Assam 


Biiinvi 


r ui il irt 1 

III )il-mnlL 1 lie 
11' 1 100,000 

1 Hmiiihc in Xatni il Dnmoii 

257 

i hc^t ol Pio\ince 

70 

1 C’li imp 11 111 Di-,hiLl 

109 

1 ProMiKiil Aioiifio 

72 

I Ximi IfilP 

190 

1 PlOMIltlll tlCllf'C 

70 

' ^ll III 'Sl lit " 

210 

Xoilliein flill Di-liRt' 

221 

. Open PI nil-) 

10 


The example^ of Assam and Buinia indicate that the condition of other 
hills (apart from the I-Iimala\as) are also pioductive of dcaf-mutism This 
local variation which is exemplified m the above examples can be identified in 
every province In Benqcd, the disease is iai moie common m Daijeehng and 
at the Hinralayan loot-lulls than the icst ot the piOMiicc In Bouibay, the 
Sind diMsion, nr the Ccnt)al Piovinieb and Bituu, the Mahratta plain dnisioir 
and in Madias the Noith Aicot distiiet aie inainh aftected In Madias no 
connection can be tiaced wuth the hills Possiblv heie, as elsewhere, the failiue 
lies in taking the district as a unit If smaller units were exainined the correla- 
tion with certain definite localities and certain definite water supplies would 
be probably veiv laigelv established 

4 The outline map of India (Map 9), shows a composite rough picture 
of the distribution of deaf-nrutes in India tioin the several census lepoits 
There are three main points of interest 

(1) The inaxiinuin intensitv is along the Pinna layas and in the Naga and 

Burma hilh 

(2) A minor point m distribution lies m those areas bordering the sea 

board of India, wdnch is ot interest as being a nearer a source oP- 
sea iodine than the central Indian plateau 

(3) The central area of the Peninsula is practically free 

5 In a map (Map 10), an attempt has been made to show' the 
distribution of deaf-mutes along the northern frontier of India according to 
distiiciis and rivers, though as has been showm m the examination of the distn- 
bution of goitre m the United Provinces areas far smaller than districts (re, 
tehsils at the largest and preferably villages) have to be examined if the cause 
of goitre is to be localized to its source 
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6 In the Not th-Wcbt F)ontm Province all foui distiicts situated as they 
lie at the foot of Afghan lulls and boideied by the iivei Indus are heavily 
afiected Indeed at the 1901 census the only piovincial aiea which showed a 
higliei late was Kashmii Hazaia is a hilly distiict and a Himalayan tract 
\t the 1911 census the late pei lakh of males was 129 m Dei a, 177 m Kohat, 
SI 111 Bannu and 80 in Peshawai 

7 In the Punjab, the Hnnalavan aiea consisting of Chamba, Kangia, 
Simla, iMandi and Naliai showed the highest late of 285 The distiicts of the 
sub-Himalaj an natuial division had a late of 115, all being over 100, except 
the distiicts of Guidaspui, Sialkot and Gujiat which aie lemoved fiom the 
liighei Himalajas and join the lowei lulls of Kangia, Jammu and Kashmn 
An examination of the Punjab sub-Himalayas by tehsils showed that those 
tehsils which he close to the lulls oi abound in moistme give the highest lates 
Genual Punjab and the plain distiicts aie relatively fiee, the lates lying 
between 58 and 94 Deaf-mutes aie especially found along all the Punjab 
iiveis and aic peihaps in gieatei quantity along the Indus which bounds the 
Noith-lVest Piontiei Piovinee than along othei iiveis 

8 The map (Map 11) of Jamimi and Kashnw show's the lates of 
deaf-mutes per 100,000 males and females foi the diffeient distiicts of the 
natuial divi&ioiis, and is of especial mteiest since the State is perhaps the most 
heavily affected in India and is tiaveised by the valleys of thiee great iiveis of 
India-the Indus, the Chenab and the Jhelum Fiom south to north, the distiicts 
of the natuial divisions «how the following lates (1911 census) — 


Table V 


Tiact 


I Semi-mountamous 



Rates per 100,000 


District 


Jasrota 

Jammu 

Mirpur 


Male 


Female 


156 

80 

171 


108 

48 

136 


II Outer Hills 


1 Udhiampur 

2 Riasi 

3 Punch 

4 Mirpur 


245 

46 

48 

95 


220 

30 

43 

82 


III Jhelum Valley 


1 Kashmn North 

2 Kashmn South 

3 Muzaffarabad 


64 

98 

61 


49 

77 

54 


IV Indus Valley 



Laddak distiict 
Gilgit 


185 

496 


165 

553 
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9 The United Piomnces illustrate the usual featuics, vu , the highest 
Kites in the Himalayan Hill tiact and the nc\t highest in the "ub-Hnnalaynu 
tiact The impoitance ol tiacnig each endenne aiea to its local limits is 
illustiated in the case ol this piOMnce, ivlncli has been the subject of coinpa- 
lativelv detailed cxaniination, pioving the tloscst ])o-sible contact between 
local eiidennc aieas and 'Specific. Inne-watei ^uiiplie- 

10 In Bihu) and Oni^iia Piomnce — The inaiii pie\alencc is, as usual, in 
the sub-Himala\ an distiict-' oi along luei-' (lowing ilnectU lioni the Hiiiialajas 
\.I1 ciideinic aieas lie noitli ot the Ganges and aie watcied bj the Hinialavaii 
ii\cis Ot all distiicts Chainiiaian easih pie-'Cne-' its notoiious position foi 
being at each cen-'U'- b\ fai the woi-t ifteotcd a-' ina\ be be^t indicated m the 
tollowing table — 


T\bli- VI 


Deaf-mute latct, pei 100 000 ol mulct, 



1921 

1 1 

1911 

1 

1901 

1S91 

1 

ISSl 

Bihai — 

1 

107 

152 

1)0 

210 

261 

Ch impar ui 

23G 1 

20S 

1 

275 

131 

567 

l\Iu7iffaipui 

130 

111 

115 

156 

225 

Saran 

lOo 

127 

135 

195 

ISS 

Daiblnnga 

S3 

121 

117 

153 

179 

Blngalpm 

31 

00 

127 

ISO 

225 

Pui ne i 

01 

139 

130 

189 

283 

South Btha) 

41 

67 

03 

91 

175 

Patni 

39 

Cl 

61 

62 

227 

Gaja 

37 

57 

19 

101 

183 

Shahabad 

or 

59 

51 

136 

121 

Monghj'i 

36 

86 

88 

no 

172 

Ol issa 

40 

72 

61 

116 

1 

126 

Cuttack 

32 

87 

89 

115 

116 

Balasore 

11 

65 

86 

100 

176 

Pun 

78 

51 

50 

1 124 

1 

95 

Cholo A aijpui Plateau 

43 1 

1 

63 

60 

65 

92 
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In Chainpaian, the woist aiea lies in the south and north-west of the 
district, which is wateied by the Gandak and its tributaiies, especially is this 
so in the INIotihari thana which is bisected by the Buii Gandak and by its 
tnbutaiy the Dhananti, the latter iivci having a specially bad leputation foi 
its goitie-pi educing pioperties The late in this thana is 350 pei lakh, whilst 
in Adapui thana the late falls to 60 pei lakh, an mteiestmg example of local 
^arlatlon To ask a man if he comes fiom this endemic aiea is equivalent to 
asking him if he is a complete fool 

In the Puinea distiict, goitie and deaf-mutism aie excessively life along 
the Kamla iivei and weie noted here as eaily as 1788 when the author of 
Rijazu-s-slatm viotc ‘Tumouis of the throat m men and women as well as in 
wild beasts and birds are common’ In Saian, the aiea to the north of this 
distiict wheie the Gandak divides it from Champaran is the aiea of gieatest 
endemicity though even here endemic goitie is far less than on the noith bank 
of the Gandak From the point where the Gandak leaves Champaian its 
connection with deaf-mutism ceases and the villages on its bank m Muzaffaipui 
and Saian aie compaiatively free In Muzaffaipui distiict, the sadar thana 
«uffeis twice as much as any other thana The whole couise of the Bun 
Gandak iivei m this district and also pait of the Bagwati iivei he within this 
thana 

In Daibhauga district, deaf-mutism is most fiequent firstly in a thana 
bounded by two nveis and secondly in those two thanas lying between the 
Bull Gandak and the Ganges 

In Monghyi distiict, deaf-mutism is more common along the banks of 
the Bun Gandak than elsewhere m the district 

11 In Bengal province — ^Deaf-mutes aie by fai most common fl) m the 
hills of Sikkim, (2) Daijeehng, (3) Chittagong Hill Tracts (1921 census) and 
l4) m the «ub-Himalayan district of Jalpaigun and in Cooch Bihai State than 
elsewhere As usual the late is highest m these districts thiough which the 
Himalayan diamage passes on its way to the sea Those districts on the sea 
face of the delta are comparatively free 

12 In Assam province — ^Assam consists of two valleys, the Brahmaputra 
1 alley and the Surma valley sunounded by hills Both valleys are alluvial 
and the Brahmaputra valley is the endemic home of kala-azar There are two 
endemic foci of deaf-mutism, firstly m the Naga Hills, where the disease is 
oxtiaoidmarilj prevalent, being some seven times the piovincial ratio The 
second focus is in the Lushai Hills The other hills and districts are com- 
paratively free, averaging 70-90 cases pei lakh of population 

13 In Burma — There is a fringe of districts with a high ratio on the 
north and east side of the province There is little goitre in the valleys, the 
deformity being localized m each district to the hills, that is to 7 per cent of 
the population Deaf-mutes and cretins are rarely seen without goitres Two 
causative factors are recognized (1) mountains and (2) something in the 
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dunking i\atei ^\hlch in the iuik is obtained lioiii "iiiaU jjticain-' In the Noith 
Shan States this <^eiies of diseases may be tiaced to paiticulai sti earns 

Amongst the Kachiiib who inhabit the \allc\s and steep hill-aides ot the 
noith and north-cast fiontieis, flic latc pei lakii i caches the enormous figiue 
of 1,004 It IS then custom to eat a vast amount of lime in powdeicd foim 
which may be an impoitant contiibntoiy fattoi Tiie othci lacial latcs w’oik 
out at Kadu 295, Chin 252, Shan 150, Buimc-'e 50 and Aiakanese 29 

The following table ‘-cts out the numbei ol deal-mutes accoiding to natiiial 
divisions (1911) censu-' pei 100,000 population — 


1 

Cential Ba^m 

45 

2 

Deltaic Plain-' 

33 

3 

Noithein Hill distiicts 

234 

4 

Coast langes 

43 

5 

Specially administcied 

209 


The ma\imum piCAalence accoiding to distiiets weie (1) Bharao 474, 
(2) jMjitkyma 474, (3) Chin Hill‘d 401, 111 Noith Shan States 350 The 
ma\imuin aiea ot intensity was said to be at Shwega in Kachin Hills w'heie 
the late w'as lepoited as 7,000 pei lakh ot population 

14 In the Cental Provinces — No endemit tiiea appeals to iiave been 
lecognized but deaf-mutes aie lepoited most in the \al!ev of the Neibudda 
iivei It IS suggested the afflicted congicgate at the ghats and tails wdiicli aie 
fiequent along its couise 

15 Madias Piovince — The dcat-mute hguies aie small and aie highest 
in Noith Aicot, wdieie they leach 112 pei lakh 

16 Bombay Piesidency — The distiibution shows the gieatest mcideiice 
lound the mouth of the Indus in Smd, especially m Hvdei abaci Sind wheie the 
figmes at the last five census tciminating wuth 1921 have been, 120, 136, 51, 
143 and 100 pei lakh Thcie is a ^'lightly inci eased figiiie foi the Konkaii 
distiict 


SUMM iBY 

1 In India as a w^hole, congenital deaf-mutes, eietins and goitious peisous 
are located in a mam endemic .uca m the Himalayas and m those distiicts 
boideimg the Himalayan foot-lnlK, especially m those aieas wdieie the diainage 
w'atei IS earned fiom the Himala\as to the sea 

2 Aiound the Indian sea-coasts the lates toi deaf-mutes aie liighei than 
m the Cential Indian Piovinces and States 

3 Within the seveial piovinces the congenital deaf-mute late vanes 
accoiding to locality in a most icraaikable degiee Examples aie given 

4 Wheie the local distiibution of this disease gioup has been investiga- 
ted it IS associated with a definite wuitci -supply and in that watei -supply hnic 
IS usually found piesent in excessive amounts 
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5 A map of the distiicts along the noithein boundaiy of India with their 
1 elation to the iivei diainage system is given and outstanding featuies of each 
piOMiice so fai is these iic known aic biicfl\ commented on 

6 Nowheie in India oi Buima is the deaf-mute late higliei than amongst 
the Kachins of Noith Buima wheie it leaches the enoinious figuie of 1,004 per 
lakh of population These Kachiii'^ dunk watei fioni hill-sti earns which aie 
no doubt iinpicgnated vitli calcium and nioieoiei it is customaiy amongst the 
Kachins to eat calcium as a powdei m laige quantity 

7 In the study of this gioup of diseases theie is much investigation wait- 
ing to be undei taken bj actue leseaich woikeis in the many seveie endemic 
centies 

8 IMaps shoeing the lOugh distiibution of goitie in India have been 
piepaied by McCaiii'^on {hut Join Med Res , Januaiy 1915) and by Megaw 
(Ind Med Gaz , June 19271 and maj be consulted with advantage 



Explanation of PtvTt LVII 
Fig 1 A Buimcse Cietm 

Note fl) The bones (except skull) lm\c fmlctl to develop 

(2) The tiunk though small compaicd with the head appeals 

massive against a backgiound of diminutive limbs Abdomen 
laige and flabby 

(3) Skin bloated and swollen Haii thin and falls out 

(4) Nose depiessed and pig-like, lips thick Eyes concealed by 

thick eyelids 

(5) Hands and feet bioad, poddy and floppy 

(6) Legs coveied with lolls of fat 

„ 2 A gioup of thin cietins m Padiauna 
Aveiage age, ovei 20 Height, about 4 feet Fasting blood-sugai, low 
Sugai toleiance, high 
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NON-DT/IBETICS 


BY 

Liexjt -Colonel R N CHOPRA, md (Cantab), ims, 
Piojessor of Phai macology , 

AND 

J P BOSE, NtB (Cal), Fcs (Bond), 

In chmge, Diabetes Researeh 

{From the Calcutta School of Tiopical Medicine and Hygiene) 
[Received for publication, October 17, 1930 ] 

Drug Addiction Series, No 8 

In a previous paper (1930) we gave an account of the admmistiation of 
small doses of opium on blood-sugai of diabetic patients In this paper we 
propose to give the results of our obseivations on the admmistiation of small 
and large doses of opium on the blood-sugar of more oi less normal individuals 
It was our endeavom to get absolutely noimal and healthy Indians, but we 
found it very difficult to induce them to come and he up m hospital, which 
condition was absolutely necessaiy to keep the patients under very careful 
observation and absolute control We succeeded m getting a few of these 
individuals but had also to include cases suffeimg from mild skin affections, 
dyspepsia, etc , which, for all practical purposes, may be classed as normal 
inasmuch as they suffered from no disturbance of caibohydrate metabolism as 
IS the case with diabetics 

Opium was administered m the foim of a mixture so constituted that one 
ounce contained 1 gram of the diug The taste and smell of opium was 
effectively concealed by putting m oil of citionella so that the patient had 
no idea as to the nature of the diug he was taking This was done to exclude 
the psychic element The dose to commence with was 1 or 2 grams daily and 
was increased to 14 giams m a shoit time without the least discomfoit to the 
patient In some cases the dose was gradually reduced to nothing but m 
others the diug was suddenly stopped without producing any subjective or 

( 1087 ) 
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objectuc symptom'' [t m.i\ be noted hcic that mo't ot the patients left the 
hospital nith the idea tliat tlie dun' wliuli na-' beiin^ i;i\on to tlicin t\as an 
excellent gcneial tome 

The desciiption of ea-'O-' gnen bolon '•hould be lead uith the details given 
uiulei each ca^c The cpiantitv of mine pass'd!, blood-^ugai content, 
body- weight and the amount of opium admiuHtcied aic all lecoided m the 
veitical columns 

Case 1 — N S, i Hiiuhi nvilo igod 10 t\ Miithoii oi l)loo(l sironglv po^itne, 

blood-«iis.n v\ found to be ibnonnilb low TIw oid\ (omplumt n that ho felt neak 
He was put on small doses of opium commencing with I gi iin diiK which was increased to 
2 giains daily ind latci on to 3 giaiii- dailv Ift wit -tronu* i ind hi- blood-aiipir also 


Cisi 1 


Days of 
treatment 

Quantity of 
urine 

Blood— ug 11 
per cent 

Bod} -weight 
in lb 

1 Opium adminis- 
1 tercel daily m 
j grains 

1 


0(Mo 


1 

2 



70 

1 

3 

• 



2 

4 



1 1 
1 

2 

5 

1,020 



2 

6 




2 

7 ' 

660 


1 i 

2 

^ 1 

600 

0-054 


3 

9 

1,020 




10 

780 


1 78 


1 

11 




1 Q 

1 

12 

1,140 

0r070 


Discontmued 

13 

1 

1 



14 




1 

15 




1 

16 





17 





18 





19 

1 




20 

1 
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\\cnt up dcfmitth though it i\Ub htill below noiinil As thib pstient did not wint to stsj’ 
m hobpit il, the coui-o of opium ticitmeiil tould not be coutinued md ho was dischaiged 
The blood-sugai content showed some impiocement The patient got a total dose of 
24 giains m 11 daa', the mi\imum do^e liemg 3 gi ims diilj 

Case 2 — G D, a Hindu male, aged 35 \eiis, admitted into liospitil on 13-1-29 suffeiing 
fiom gastric tiouble Ho complained of pun md discomfoit in the cpiga&tiic legion, anoiexia, 
nausea and sometimes \ omiting He w is put on small doses of opium commencing with 
1 grim daily, latei mcieiscd to 2, 3 and 4 gi uns dailc The pain disappeaied on the 4th day 
with 2 grams cl uh doses ind the patient felt \ei\ comfoitable The patient was given a 
total dObO of 31 gi ims m 12 davs the ma\iiniim dose being 4 gi uns dailj Blood-sugai 
content was not affected 


C\SE 2 


Dajs of 
treatment 

1 

n c 1 

Qmntitv of 

unne 

Blood-sugii 
per cent 

Bodj -w eight 
m lb 

Opium adminis- 
tered daily m 
grains 

1 

450 

or 081 

1 

2 

1,080 



1 

3 

COO 



2 

4 

540 



2 

5 

600 


1001 

2 

6 

300 



2 

7 

720 



3 

8 

480 

0 090 


3 

9 

540 



3 

10 

660 


101 

4 

11 

840 



4 

12 

660 



4 

13 




Discontinued 

14 





15 





16 





17 





18 





19 





20 


r 
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Case 3 — S R, a Hindu male, aged 27 years No Lomplamt c\i.epl a small ulcer on the 
aole of the foot The patient was put on 1 gram of opium dailj which was later increased 
to 2, 3 and 4 grains daily The patient felt a sense of well-being and was more cheerful 
when the diug was being administered The blood-sugar and the quantity of urine rehiamed 
unaffected This patient wa- given a total dose of 13 grains in 18 days, the ma\imuni dose 
being 4 grains daily 


Casi, 3 


Days of 
treatment 

Quantity of 
urine 

Blood->ug 11 
per cent 

Hodj -weight 
in lb 

Opium ulaiinis- 
Icred diih in 
griins 

1 




1 

2 




1 

3 

1,800 

OrOGS 

105 

2 

4 

1,880 



2 

5 

2,220 



2 

6 

1,980 

a075 


2 

7 

2,460 



2 

S 

1,560 



2 

9 




2 

10 

1,800 



4 

11 

1,440 



4 

12 

1,740 



o 

O 

13 

1,800 

0 068 


3 

14 

1,920 



3 

15 

1,140 



3 

16 




o 

O 

17 

1,440 



2 

18 

1,920 



2 

19 

1,350 




20 






Case 4— Y, a Mohammedan male, aged 23 yeais, a noimal md healthy individual m 
every way He was put on opium commencing with 1 giain inci eased to 2, 3 and 4 gram- 
daily He admitted improvement m his general health, had a geneial feeling of well-being 
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and gamed weight due to the liberal hospital diet The patient had a total amount of 
43 grams of opium m 17 days The blood-sugar did not show any changes under the 
effect of the drug 


C\SE 4 


Days of 
treatment 

1 

Quantity of 
urine 

1 

Blood-sugar j 
per cent i 

1 

1 

Body-weight 
m lb 

Opium adminis- 
tered daily m 
grams 

1 

t 

1 

009 


1 

2 


1 

100 

2 

3 

1 



2 

4 

1,260 1 



2 

5 

660 1 

1 



3 

6 

660 ' 

(f084 


3 

7 i 

t 

1,920 1 



3 

8 

1,380 



3 

9 




3 

10 

1,140 


llOi 

4 

11 

1,380 



4 

12 

' 1,380 

1 



3 

13 

, 1,440 

0-082 


3 

14 

1 1680 


llOJ 

2 

15 

1 1,740 



2 

16 




2 

17 

1,260 


108 

1 

18 

780 



Discharged 

19 





20 






Case 5— Y, a Mohammedan male, aged 36 years He was a normal and healthy 
indii idual He was put on 1 gram of opium at first, later increased to 2, 3 and 4 grains daily 
He felt that his health was generally improved after the course of treatment and he was 
more vigorous The blood-sugar remained unaffected, the quantity of urine was not affected 
J, MR 3 
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Casi o 


Days of 
treatment 

Quantity of 
urine 

1 

Blood-sug 11 
per cent 

1 Body -weight 
in lb 

Opium adminis- 
tered daily m 
grams 

i 

1 

1 


0-077 

J 

1 

I 

1 

, 1 

2 


1 

1 


1 1 

3 


J 

1 

95 

2 

4 




1 2 

5 

810 

i 

1 

i 

2 

6 

1 

1 2 

1 

7 i 

o 

00 

1 

1 

i 

1 2 

8 

840 

1 

1 


1 

2 

9 

1,260 



2 

10 

720 

1 

95 

2 

11 

1 


2 

12 

900 



4 

13 1 

720 



4 

14 

960 

I 


4 

15 

780 

0-082 


4 

16 

900 



2 

17 

1,020 



2 

18 




2 

19 

900 



2 

20 

600 



Discontinued 


Case 6— S C , a Hindu male, was admitted into hospital foi loss of weight and strength 
for no apparent cause The patient was put on 1 giam of opium daily which was increased 
on the second day to 2 grains daily and latei to 3 and 4 grains daily The patient did not 
seem to derive much benefit from the use of the diug The loss of weight continued 
steadily and theie was a definite leduction in the blood-sugai The quantity of urine 
passed showed a tendency to increase The patient received a total of 45 giains in 16^ days, 
the maximum dose being 4 giains daily 
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C\SE 6 


Days of 
treatment 

1 

Quantity of 
unne 

1 

1 

Blood-sugar 
per cent 

Body-weight 
m lb 

1 

Opium adminis- 
tered daily m 
grams 

1 

660 j 

O'OOe 

1 

1 

1 

o 

420 

i 


2 

3 

360 

1 

81 

2 

4 



1 

2 

5 

420 


' 

3 

6 

720 


I 

3 

7 

1,440 

1 

1 SOi 

4 

8 

1 780 

or 052 

1 

1 

4 

9 

1,320 



4 

10 

1,020 


73i 

4 

11 




1 4 

12 

1,260 



3 

13 

2,100 



3 

14 

2,280 


1 

1 

I 

2 

15 


0-050 

1 

1 

2 

16 

1,140 


j 674 

2 

17 




Discontmued 

18 





19 





20 



1 



Case 7 — P K B , a Hindu male, aged 24 years, admitted mto hospital on 4-11-29 He 
suffered from mild attacks of Ij mphangitis e\ erj now and again but is perfectly free from it 
now He was put on 2 grams of opium dailj, later increased to 2, 4 and 5 grams daily 
The patient impro\ ed very much in general health during the course of opium admimstration 
and his body weight showed a slight mcrease The blood-sugar was not affected m the 
slightest degree The urine showed a distinct tendency to mcrease during the admmistration 
The patient had a total of 49 grains m 13 dajs, the maximum dose being 5 grams daily 
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Casv 7 


Days of 
tieatment 

Quantity of 
urine 

1 

1 

1 

Blood-sugai 1 
per cent 

Body-n eight 
in lb 

Opium adminis- 
tered daily in 
grains 


1 

1 

95 i 


1 


1 



2 

1,420 1 

0106 1 

< 

1 

1 

2 



1 


2 

3 

o 

o 

1 

1 

i 


3 

4 

2,760 

2,460 


i 

97 

3 

5 


4 

\ 


6 

1,980 


• • 

4 

7 

2,460 


• * 

5 

8 

2,400 


« 

5 

9 

2,340 

OIOS 

• 



t 


5 

10 

2,340 


» 

5 

11 

1,920 



I 

12 

1 2,160 

1 j 

9SJ 

1 5 





3 

13 

2,040 

1 1 


3 

14 

2,400 

2 280 

1 

» 


Discontinued 

15 

1 


16 





17 





18 





19 





20 







8 — M S, a Hindu male, admitted into hospital for general debility 
weight He was put on opium commencing with 1 grain daily, latoi increase o 
4 grains daily The patient felt a geneial sense of well-being but his ^ 

unaffected for the period of 3 weeks he remained in the hospital There he 

improvement in the general condition, the appetite improved and the pa len ytjtv 

was getting better Theie was piactically no change in the blood-sugai conten , patient 
of urine showed marked variations dm mg treatment but was above the norma 
had a total dose of 58 grains in 23 days, the maMmum dose being 4 grains 
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Case 8 


Days of 
treatment 

Quantity of j 
urine ] 

Blood-sugar 
per cent 

1 

Body-weight 
in lb 

1 

Opium adminis- 
tered daily in 
grains 

1 

0-072 


1 

—1 

2 




1 

3 


1 


2 

4 

j 

1 


2 

5 

1,928 

116 

2 

6 

( 1 

i 

2 

7 

1,740 

0-081 

1 

3 

8 




3 

9 





10 

2,700 



3 

11 

1 

1 


3 

12 

2,400 


115 

4 

13 

1,740 



4 

14 

1,140 



4 

15 

430 

0-077 


4 

16 

1,440 



4 

17 

2,160 



4 

18 




4 

19 

2,100 


114 

1 

20 

1,980 



1 


2,700 



1 


2,220 

0-075 


1 


2,520 


114i 

1 


Case 9-B M, a Hindu male, aged 30 years, admitted into hospital on 7-2-29 with 
miteal stenosis He was put on 2 grams of opium daily, later increased to 3, 4, 6 and 7 erains 
daily The patient’s general condition showed remarkable improvement, m aU probabihtv 
due to rest and good diet of the hospital The weight showed a defimte mcrea^e and 
patient felt remarkably well The only distressing feature was constipation which had to 
be relle^ed by salme apenents The blood-sugar showed no changes The quantity of 
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unue passed showed m irked larmtions, but it could not bo said that it either increased 
or decreased c\en with such doaoa as 7 grams d iilj The p iticnt was given a total dose of 
65 grains in 16 days, the iiiaMmuni dose being 7 grains dail> 

C\3E 9 


Days of 
treatment 

Quantity of 
urine 

1 

Blood-sug ir 
per cent 

Body-weight 
in lb 

Opium adminis- 
tered daily in 
grains 

1 

600 


103J 


2 

1,140 



2 

3 

900 

0120 


2 

4 

2,540 



2 

5 

480 


107i 

2 

6 

780 

1 


2 

7 

600 



3 

8 

480 



3 

9 

600 



3 

10 

720 



4 

11 

480 

1 


4 

12 

840 


1103 

Discontinued 

13 




Do 

14 

1,080 



Do 

15 

540 



Do 

16 

840 



Do 

17 

600 

0r092 


6 

18 

840 



6 

19 

900 



6 

20 

1,080 



6 


840 


112 

7 


420 



7 


480 



Discontinued 


Case 10 A A M , a Mohammedan male, aged 21 j ears, admitted into hospital on 
11-6-28 suffering flora affections of the skin He appealed to be normal in every other 
respect Commencing with 1 gram of opium daily, the quantity was increased to 7i grams 
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daily The patient felt much blighter and improved in general health, there was a slight 
increase in weight The quantity of mine passed showed fluctuations but on the whole 
showed a defimte increase The patient was given a total dose of 102 grains m 22 days, 
the maximum dose bemg 7i grains daily 


Case 10 


Days of 
treatment 

Quantity of 
uiinG 

Ulood-bUgai 
pel cent 

Body-w eight 
in Ib 

Opium adminis- 
tered daily in 
grams 

1 



85i 


2 

1,005 

0-085 


1 

3 

1,015 



1 

4 

960 



1 

5 

1,030 



1 

6 

1,020 



2 

7 

1,030 



2 

8 

1,100 


85 

3 

9 


008 


3 

10 

1,170 



4J 


1,620 



4i 

12 

1,200 



4i 

13 




44 

14 

1,560 



6 

15 

1,560 


86i 

6 

16 

1,680 

ff08 


6 

17 

1,680 

0-081 


6 

18 

1,560 



6 

19 

1,920 



7i 

20 

1,800 



7i 


1,620 



7J 


1,980 



74 


1,680 



7i 


Case 11— A K G, a Hindu male, aged 26 years, was admitted into hospital on 16-1-30 
for irregular fever Commencmg with 2 grains of opium daily the quantity was gradually 
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mcieased to 12 giaius daily The patient felt finite comfortable m spite of the large doses 
of opium he i\as leceivmg His weight showed an increase and the blood-sugar showed 
a decieasc, especially, when such huge dosco as 12 grains daib wore administered No 
ill effects were obsened when the ma\imum doses of opium suddenly discontinued The 
patient received altogether 117 giains in 17 dajs, the ma\imum doao being 12 grains daily 


Case 11 


Days of 
treatment 

Quantity of 
urine 

Blood-allg u 
per cent 

Bodj'-w eight 

1 in lb 

1 

Opium adminis- 
tered daily in 
grains 

1 


0-126 

1 

1 lOSi 

2 

2 




o 

w 

3 




3 

4 

. 


I 

4 

6 




4 

6 



llOi 

4 

7 



1 

\ 

6 

8 



\ 

i 

6 

9 




6 

10 


010 


8 

11 


i 

i 


8 

12 




1 

8 

13 




8 

14 




12 

15 




12 

16 




12 

17 


0*085 


12 

18 


• » 

• 

Discontinued 

19 



• 


20 




« • 


Case 12 N D, a Hindu male, aged 40 years, admitted into hospital on 16-11-29 fo’' 
blood and mucus m stool with griping Pievious histoiy of dysenteiy, two j^eais ago 
After a total dose of 8 grams of opium m 4 days, the patient complained of headache and 
giddiness but his pupils lemamed peifectlv noimal The dose was, theiefoie, giaduallv 
increased to 16 giams daily With laigei doses the symptoms at first complained of 
disappeared and he felt very comfoi table The stool became much less frequent and the 
griping entirely disappeared The patient, howevei, suffered fiom constipation and the 
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bowels had to be mo\ed daily with saline purgative The blood-sugar remained unaltered 
eien with large doses The quantitj of urme did not appear to alter much, but with 
doses of 14 grains, showed a tendencj to decrease The patient got a maximum dose of 
16 grains of opium daily with absolutely no untoward result He felt very bright and 
cheerful The opium was then suddenly slopped, but no untoward symptom, subjective or 
objectiie, was observed The patient was given a total dose of 188 grains in 23 days, the 
maximum dose being 16 grains daily 


Case 12 


Days of 
treatment 

Quaiitit> of 
unne 

Blood-sugar 
per cent 

Body-weight 
m lb 

Opium admmis- 
tered daily in 
grams 

1 



1 

96 ' 

2 

O 

2,100 

(7105 


2 

3 

1^00 



2 

4 

2,580 


j 94J 

1 

5 

2,490 

1 

j 

3 

6 

2,460 

1 


3 

7 

1,940 



5 

8 

2,400 

O-lOO ’ 

i 

6 

9 

3240 


! 

6 

10 ' 

2,340 


i 

0 

11 i 

2,840 i 

97 ! 



1 

12 

2,400 

i 


1 8 

13 

2,460 

1 

i 

8 

14 

2,840 



10 

15 


0-092 


10 

16 

1,580 



12 

17 

2,400 



12 

18 

2,400 


971 

12 

19 

2,400 



14 

20 

2,580 



14 


DlSCUSSIOif OF BESTJLTS 

Effect of opium on general health — Almost all the patients declaied that 
they felt much brighter and comfortable and there w^as a sense of general well- 
being In Case No 2 admitted for epigastric pain and discomfort the pain 
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entiiely disappeaicd and the patient icgaincd Iih appetite and Ins general 
health impiovcd Among the two ta'-e'* lNo> b and 7), admitted foi loss of 
w'eight ^Ylthont an> demoiibtiable cause, one did not impioce at all, the loss 
of Aveight continuing dining the whole cour-e ot tieatmcnt In the other, 
howevei, though theie was a slight lo's oi weight (H lb in 23 da>s), thd 
late of loss of w'eight wms much Ic-'s than wh.it it was befoie he was put on 
opium treatment and the patient felt gcneialK bcttei and the weakness became 
much less One case (No 11) compl.iined ol giddmcs'' and headache after 
he had a total dose ot S giaiiis ot opium but a-' thcie wcie no signs oi sjmptoras 
of oveulo&e of opium piescnt the do-e was mtieascd Cunouslj enough, all 
his symptoms disappcaied The p.itient tclt leij. much bcttei with such 
doses as 10 to 16 giains daih This patient had a totiil ol ISS grains of opium 
m 23 days, the ma\mium daih dose being lb giaiiis It is woithy of note 
that the diug m sevcial eases was discontinued suddenl> the patient being 
none the woisc foi it 

Effect on the luinaiij output — Mo-'t ol the piUients showed an increase 
m the total uiinaiy output caiying fiom slight to a maiked degicc In 4 cases, 
the uiinaiy output w^is unallccted b} the diug In no ca&e we lound a 
decrease m the total daily output ot in me 

Effect on blood-sugcu — In most ot the cases the blooil-sugai le\el lemained 
constant In 4 cases (Nos 6, 8, 10 and 11), theie was a slight decrease, and 
in 3 cases (Nos 1, 2 and 5) the blood-sugai content was slighth increased 
In case No 1, wdieie the blood-sugai was found to be abnoimally low in the 
beginning of treatment, much benefit followed the touise of opium treatment 
The blood-sugai inci eased and tended to approach the noimal figure The 
weakness became much less This point needs moic ini cstigation 

Effect on boefy- iceny/jf —Excepting the two cases mentioned befoie, theie 
was more oi less increase m the bod>-w^eight m all the cases vaivmg from 
slight to moderate degiee Almost all the cases complained of constipation m 
a slight Ol severe form 


Sum MARI and conclusions 

(1) Small doses of opium such as 1 to 3 or 4 grams daily produced a sense 
of w^ell-being especialh m those individuals who w’cie siifteiing fiom minor 
ailments Although the patients w^cie entirely ignorant of the diug they w'eie 
taking, they all thought it was doing them good and was a tonic The hospital 
regimen and dietary had undoubtedly a good deal to do with the general im- 
piovement in the condition of the patients 

(2) The secretion of mine was, if anything, impioied In no case was 
there a decrease m the ciuantity of mine passed ecen after such large doses 
as 10 to 16 grams daily 
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(3) There was little oi no effect on the blood-sugar of normal individuals 
iMth no distuibance of caibohydiate metabolism In one case, where the blood- 
sugar contents were abnormally low, a definite use was observed 
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INTHODUCTION 

SoLLMANN (1927) consideied that unicellular organisms such as infusoria, 
bacteria and plants were not affected by any snake venom and some workers 
have agreed with his conclusions It has been stated that venom is toxic to 
metazoa and complex cellular animal life above the hydra, but there appears 
to be no experimental evidence in support of this view Whilst working on the 
action of the venom of Indian cobra N Naia vel tnpudians we carried out a 
series of experiments regarding its effect on certain protozoa and this paper 
contains the results of our observations We tried the effect of the venom on 
Paiamecium caudatum as well as some of the other common protozoa such as 
Bodo caudatvs, Trichomonas homims, E histolytica and the ordinary fresh 
water amoeba E limax The effect of different concentrations of the venom 
on these organisms was tested and the changes produced in their movements, 
them resistance to the poison, the exposure necessary to produce death were 
studied Finally the effect of change of hydrogen-ion concentration on the 
toxicity of cobra venom towards Paramecium caudatum was worked out in 
detail 

The cobra venom used for this work was kindly supplied to us by the 
Director of the Haffkine Institute, Parel, Bombay It is a light yellow scale- 
like substance which dissolves in distilled water forming an emulsion solution 

( 1103 ) 
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faintly opalescent The roai^^ei paiticlc'; of tins cinuKion solution have a 
tendency to settle to the bottom in the foini of a fine llocculent piecipitate and 
theiefoie the solution has to be shaken lepeatedlv to get an uniform emulsion 
Cobra venom is leadilj soluble m noimal ‘'aline, but •'ince saline solutions arc 
veiy toMC to P candatum, an aqueous “olution had to be u-^ed for these experi- 
ments A ficshlv piepaied 1 in 500 ■solution of lobia \enom in distilled water 
was fiist made and fiom this the vaiious concentiations wcie diluted with 
Oldman tap-watei as these ‘-olutions kept tlie P cnudutum more oi less undei 
natural conditions Dilutions tommennng with 1 m 1,000 up to 1 m 15,000 
w'cie made bx taking m a cainllan pipette an equal xoliime of the x'enom 
solution wuth an equal xolume of paiameemm cultme The mixture w'as then 
put in a hollow giound shde and the efteets ot the xeiioni obseivcd under a 
low’ power microscope In this wax the efieet of diftcient dilutions from 
1-1,000 to 1-30 000 could be studied 


The behnuiow of P candatum towaids cohia venom 

P caudatum is a common umcellulai ciliate lound in stagnant ponds and 
it can be easilx giown m the laboiatoix on hax infusions Good cultures can 
be obtained in 7 to 10 days Undei the loxv pow’er, these ciliates are seen as 
lapidlv moving oiganisms, shppei-like in appeal ance, xaixmg between 120 
to 325 /< in size They show’ peculiar and inteiesting moxements, when they 
come in contact w'lth any substances which aie haimful to them Their 
behaviour can be best studied on a holloxv ground slide m xvliich the paiarae- 
cium culture is put and a diop of cobra venom solution (1-1,000) is gently 
added on one side They mox’c toxx’aids the haimful substance, and when they 
come in close pioximitx’ to it, they appear to come to a standstill as if not 
pleased to find themselxms in an unpleasant envnonment They stop for a 
moment, seem to moxm forwards and backw’aids as if undecided and m hesita- 
tion, then all of a sudden turn round, mox’e backxvaids oi go oft at an angle 
This behax’ioiu of the paramecium is knoxvn as ‘ ax’oiding i eaction ’ and has 
been fully discussed by Jennings and xvas noticed bx’ Acton in case of the 
cinchona alkaloids 

To study the action of dififeient dilutions of cobra venom we improvised 
slides liaxung five oi six small glass cells built on it This can be done by 
fixing on an ordmaiy slide small glass rings 1 c mm m depth cut fiom a piece 
of soft glass tubing, and fixed with collodion oi melted paraffin xvax These 
cells have roughly a capacity of 1 c c and the effect of cobra venom in different 
dilutions could be studied on these ciliates by simply moxung the slide fiom 
one cell to the other undei the low powei of micioscope Evaporation was 
piexented by putting a covei slip ox’ei the lings One of these chambeis xvas 
alxvaxs kept as control, containing equal volume of the cultme and tap-water 
and the changes m movements and the death interval was contrasted side by 
side with those exposed to the venom 
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Stiong solutions of the venom appealed to be very toxic to these ciliates 
Concent! ations of 1 in 1,000 or 1 in 2,000 immediately paialyse the movements 
of the paiamecium and they at once die and sink to the bottom The body 
of the ciliates swell up, buist and completely disappeai With weaker dilutions 
such as 1 in 1,000 to 1 in 8,000 the ciliates at fiist become more active on 
coming in contact nith the cobra venom, and soon then movements become 
iiregulai and incooidinated They appear to be moving aimlessly in all direc- 
tions as if tiying to avoid the un-atisfactoi j suiioimding and eventually collect 
at the peiipheiy of the glass veil which piobably is a safei area owing to 
lowei concenti ations of the venom The cork^ciew-like movements become veiy 
marked and the individual soon appeal to lose powci of translation movement 
and settle down to the bottom of the chambci and move by ciawlmg only At 
first they can be made to svini on agitating the slide, but later become 
paralysed and finally die 

Weaker concenti ations such as 1 m 15,000 to 1 in 30,000 do not appear 
to have any maiked effect on these ciliates at first Aftei about half an hour, 
they begin to show corksciew movements and a tendency to sink to the bottom 
of the charabei and aggregate m laige clumps chiefly at the periplieiy It 
appeals as if they aie m uncongenial suiioundings and want lest Fiom time 
to time indmduals who had been lesting detach themselves from the mam 
clump and move away while otheis come and take their place Individual 
ciliates also settle down at the bottom as if to lest a while and then move 
away again 

Table I gives the effect produced by different dilutions of the venom — 


Table I 


Number 

Final dilutions ot 
cobra venom 

Death in mmutes 

1 

1 

Control 

No effect 

2 

1 m 1,000 

Immediate 

3 

1 m 2,000 

5-6 

4 

1 m 4,000 

12*0 

5 

1 m 6,000 

15 0 

6 

1 m 8,000 

16 0 

7 

1 m 10,000 

18-0 

8 

1 m 15,000 


9 

1 in 20,000 

30-40 

10 

1 m 30,000 

45-60 

11 

1 m 40,000 

120 0 


Rejiabks 


All quite active and alive after two 
hours 

The organisms become immediately 
paialysed and die settling down to the 
bottom of the well 

Rapid movements at first followed by 
slowing, paraljsis and death All 
orgamsms were killed and the proto- 
plasm of the cell became opaque 

Corksciew-like movements at first, 
finally paralysis and death A few 
orgamsms showed resistance and did 
not die 

Do 

Movements become slow, tendency to 
aggregate in colomes Majoiity die 
but some remained active foi nearly 
two houis 

Manv of the ciliates died after 40 to 60 
minutes but some remained active 

Little or no effect 
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A pciusal of Table I '?ho\vs that up to 1 m 8,000 tlic \enom has a very 
toMc action, but with weakei dilutions up to 1 in 30,000 the paramecia take 
a longer time to die, death taking place in ^ to 1 lioiii Some individuals were 
not killed oven after an expo'suie foi two houi'' Dilutions over 1 in 30,000 
had no effect 

It is inteiesting to note that theic aic ccitain induiduals in these com- 
munities who do not confoim to the geneial lule and showed a greater resistance 
to the action of tiie ^cnom The\ move about foi a longei time and do not die 
even in double the time Acton (1921) made =:omc ^ely interesting obseivations 
about the individual \aiiations legaiding the lesistance of these cihates and 
showed that these valuations depended on lace, individual lesistance, hydiogen- 
lon concentiation and the age of the cultuie The oldei cultures weie more 
resistant than the joungei cultuie-j When a cultuie was allowed to grow for 
2 01 3 months these cihates reacted iiiegulailv to dings Cultuies 7 to 10 
day^s old gave faiilj' constant leaction fai as diug' weio conceined 


Effect of change of pll 

It has been showm that the toxicity of dings tow’aids paramecium is altered 
by changing the hydiogcn-ion concentiation of the substiate Acton (1921) 
observed that wdieieas the minimum lethal concentiation of quinine to paiame- 
cium at a pH of 7 was 1 in 10,000, at a pH of 8 it was 1 in 70,000 It was, 
therefore, thought desnable to see how a change in the pH of the culture would 
affect the toxicity of cobra venom towards P caudatum 

It has been suggested that valuations in the toxicity of dings to paramecium 
weie due to the amount of CO_ present in the cultuie media and it is advised 
that these cihates should onlv be tested aftei bubbling an thiough the tube 
containing then culture The presence of the amount of CO^ thus produces 
consideiable variations in the hydiogen-ion concentration of the medium The 
pH value of the stock cultuie vaiies betw^een 6 9 and 7 2 These small 
variations are due to the age of the cultuie, the fresh culture being more 
alkaline as compared to the older ones The pH of the cultuie wms altered 
on the alkaline side bv adding N/10 NaOH solution and lowmied bv the 
addition of wmak acids To change it on the acid side hydiochloiic acid could^ 
not be used as it killed the piotozoa immediatelv We, therefore, used weak 
acids like carbonic acid bv bubbling this gas thiough the medium, the required 
hydiogen-ion concentration could be obtained wutliin certain limits It was 
found difficult to lowei the pH value to less than 6 since the solutions become 
fully satuiated with CO^ and further solution of the gas becomes very difficult 
Bv using acid phosphates the pH could be fuithei i educed, but this meant the 
addition of large quantities of this wmak acid solution wdiich diluted the 
Pai amecviivi caudatxim culture so much that very few organisms could be seen 
when the pH value of the substrate was reduced below 6 5 
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A perusal of Tables II, III and IV will show that the pH of the substrate 
Ins a aen impoitant effect on the lesistance of the paiamecium against cobra 


Tabll II 


Numbei 

Concentration 
of cobra 

Devth intervm. 

\V\S \LTERtD 

WHEN pH OF CULTURE 

■VMTH N/IO NaOH 


\ enoni 

pH S-0 

pH 7 0 

1 

1 m 2 000 1 

5 minutes 

1 4 4 minutes 

2 

1 m 1000 

IS „ 

1 15 „ 

3 

1 m 6 000 

20 „ 

! 40 

4 

1 m S.OOO 

22 

4S 

5 

1 in 10 000 

40 

CO 

6 

1 in It 000 

60 , 

1 Over 2 hours 

7 

1 in 20,000 

0\ ei 60 , 

! Do 

8 

1 in 30 000 

Over 120 „ 

1 Do 

1 


Table HI 

Behavlow of patamecium touatds cob) a venom at diif event pH values as 

alteied by passing CO« gas 


Number 

Concentration of 
cobra venom 

Death intervai when pH is 
WITH CO 

altered 


65 

6-0 

58 

1 

1 in 2,000 

48 

3*2 

3 

2 

2 

1 in 4,000 

15 

12 

12 

5 

3 

1 in 6,000 

40 

30 

30 

15 

4 

1 in 8,000 

60 

40 

30 

30 

5 

1 m 10,000 

60 

60 

45 

35 

6 

1 in 15,000 

120 

60 

50 

^ 45. 

7 

1 m 20,000 

120 

60 

60 

60 

S 

1 m 30,000 

120 

150 

60 



venom If we take the death inteival of paiamecium at pH 7 as standard 
it will be seen that on lowering the pH below 7, the protozoa die rapidly even 
J, mb 4 
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T.VBLC IV. 


Behaviom of paiamecium toiuaids cob) a venoni at chfjeient pH values as 
alteied by diluting with phosphate bufjei of a definite pll 


Number 

Concentration 
of cobra 
venom 

DliTII IMEia U VIIFN pH 13 \LTtnED 

uiTii N/10 NnHPOj 

1 

8-6 i 

1 

8 

Cl 

7 

1 

1 

1 in 2,000 

16 i 

1 

16 

1 

12 

7 

1 

5 

2 

1 m 4,000 

30 1 

30 ! 

1 

25 

IS 

1 15 

3 

1 m 6,000 

50 

^15 

10 

28 

25 

4 

1 m 8,000 

53 

50 

50 

15 

35 

6 

1 in 10,000 

GO 

CO 

00 

50 j 

40 

6 

1 m 15,000 

CO 

60 

60 

00 

50 

7 

1 in 20,000 

120 

120 

o 

Cl 

120 

55 

8 

1 in 30,000 

120 1 

1 

120 

1 

120 

i 

120 

i 

GO 


in veiy weak concentiations of the venom, on the othci liancl if the pH is 
laised they become luoic lesistant and in ^\cak concentiations ot the venom 
seem only to be paialysed foi a shoit time and have a tendency to aggiegate 
in colonies The explanation of this phenomenon will be discussed latei 

The cellulai chaiiges in P caudatum killed by cobia venom 
Thiee-fouith c c of a fiesh cultuic nas put m each of the chambeis In 
, each of these slides an equal volume of cobia venom solution of the following 
concentiations, 1 in 1,000, 1 in 2,000, 1 m 8,000 and 1 in 10,000, weie added 
and thoioughly mixed Aftei 5 minutes smeais fiom the contiol and the 
above mixtuies weie taken, fixed and stained aftei the Pleidenham’s method 
aftei wet fixation b> Schaudinn When stained in this nay and the slides weie 
examined undci the high powei of the micioscope, impoitant stiuctuial changes 
weie found to have occuiied in the body of the ciliate The noimal Paiaiiie- 
ciiim caudatum appeals quite cleai, the ecto- and endo-plasm can be distin- 
guished 'when stained by the Heidenhain’s lion Hiemotoxylin method The 
piotoplagm appeals gianulai in natuie, the macio- and micio-neuclei appeal 
deal and compact With the opal blue method of staining, the cilia and then 
tiichocytes can be cleai ly demonstiated The vacuoles aie distinct and cleai 
Aftei' exposuie of the paiameciura to 1 in 1,000 and 1 in 2,000 cobia venom 
solution the piotozoa appeal to swell up and the geneial appeal ance becomes 
hazy, diffeientiation can no longei be made between ecto- and endo-plasm, 
the cilia mostly appeal to have been cast off, the vacuoles become enlaiged 
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but itmain cieui^ the whole protoplasm appeals to be vacuolated The macro- 
nucleus appeals to be swollen and undeigomg karyoirhexis, the micro-nucleus 

cannot be difteientnted The chiomatm becomes veiv indistinct and is found 

1 

in foiin of gianules m the piotoplasm Achiomatic changes are also noticeable 
The cilia become detached and many of them aie destioyed The body of 
the oigamsm denuded of cilia looks swollen and engoiged The oiganlsm in 
fact looks like a ma«s of spongiopla«m (see Plate*’ L'Srfll and LIX) I ' 

' /T 

Othei protozoal oigamsms 

Bodo caudatus — These piotozoa weie found to be veiv resistant to the 
toxic effect’i of cobia venom Undei a high magnification they seem to Be 
rapidly moving acioss the field and do not appeal to be affected veiy much 
by low conccntiations of the venom In dilutions of 1 m 2,000 and more 
they could suivive an houi oi «o but with concenti ations as high as 1 pei cent 
then death i& npid The following table ’^hous the death mteival with 
diffeient concentrations of the cobia venom 

T\blf Y 


Final dilution 

1 

Death interval ' 

1 

Pinal dilubon j 

Death interval 

1 in 200 

5 minutes 

I in 

1,000 

20-30 minutes 

1 in 400 

10-15 minutes 

1 in 

4,000 

About 40 minutes 

1 in 600 

15 minutes 

1 m 

8,000 

Moie than 60 minutes 

1 in SOO 

20 minutes 

1 in 

10 000 i 

More than 120 minutes 


Tnchomonas hominis — These organi‘’m‘; aie also verv resistant and 
appear only to be affected by concenti ation \aiving from 1-100 to 1-1,000 
Tnchomonas could survive foi 10 to 15 minutes in dilutions of 1 in 400 and 
betueen 20 to 30 minutes in 1 in 600 and foi ovei an houi m 1 m 1,000 

Entamoeba Iwiax and Entamoeba histolytica — ^Immediately after mixing 
with a di op of 1 in 1,000 solution these actively moving amcebae were seen to 
become rounded and gianulai The pseudopodia were not protruded and the 
amceba were stationaiy Although the gianulai protoplasm and the vacuoles 
weie still seen to be moving inside the cell, theie was complete paralysis in 
40 to 60 minutes The death mteival was not always the same in case of the 
entamceba but it was noticed that they could survive an exposure of 45-60 
minutes malm 2,000 solution of the venom 

Miaofilana banaofti—The microfilaiia weie activelj moving and 
waggling about m a diop of warm normal saline A drop of 1 m 1,000 solution 
of venom uas added In about 10 minutes the miciofilana weie seen lathing 
about with greater activity and in about 15 minutes the movements became 
'^lowej and finally they were paralysed aftei 30 minutes, the sheath appearing 
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to have been constucted over the body of the fdaiia so as to give it a bead- 
like appeal ance Aftei 35 to 40 minutes the miciofilaria are motionless and 
appeal to have died 

Discussion. 

The e\peiiments desciibed nbo\c show that cobia \enom at first some- 
what stimulates, then paialyses and finally kilU the P caudalum Dilutions 
up to 1 in 8,000 aie lapid in then eflcct, flilution-j aboic 1 in 10,000 paral}se 
movements and kill aftei a longei c\posuie A-; legards tlie action of the 
venom at dillcient ludiogen-ion concontiation, it was found that if the pH 
of the substiate is on the acid ■'ide the \enom bctomcs moic to\ic and if it is 
inci eased on the alkaline ■^ide the to\icit> oi the \enom is dccieased This 
action IS opposite to what was found m case of the cinchona alkaloids The 
explanation of this phenomenon i-) not tpiite clcai It i-s possible that the action 
is of the natuie of an enzjme whicli i^ moie actue in an acid substrate 
Cobia venom is aftei all a dige-'tne secietion Anothei possible explanation 
may be that cobia venom solutions m distilled water ha\c an alkaline reaction 
and aie, theiefoie, negatnel} chaiged It the venom comC'^ m contact with 
a paiamecium cultuie of a low'ci pPI (i e , positi\el> chaiged), the positne 
and negative ion of the two solutions will attiact one anothei with gieat 
affinity Since the suiface chaige of the piotozoa appioximately tend to 
represent the same pH as that of the medium they me in, they will ha\e more 
cobra venom depositing upon them and will die ^oonci if they weie acid m 
leaction 

As legal ds the paialytic action of the leiiom on the paiamecium, McDonald 
(1922) pointed out that a unicellulai oiganism such as Balantidium coh has 
a neuiomotoi appaiatus consisting of a motoiium or a cooidinating centie 
with a system of fibiils wdiicli can be ti acted to ciliaiy loots Is it possible 
that a similai neuiomotoi mechanism exists in the paiamecium and that the 
neurotoxic poition of venom act'- on this appaiatiis wdiich is the piecuisei of 
the nervous system of multicellulai oigamsras? 

Summary 

1 The venom of N Naia (Indian cobia) has a toxic action on the 
protozoal organisms The movements of P caudatum are slowed after a 
momentary stimulation and they then become paralysed and sink to the bottom 
After a time a blistei appears on the suiface of the ciliate wffiich bmsts and 
the organism entirely disappeared 

2 In dilutions up to 1 in 8,000, the venom has a veiy toxic action on 
P caudatum and kills them m less than half an hour Weaker dilutions up 
W'l in 30,000 slow and later paialyse the movements, the biganisms have a 
tendency to clump together, death takes place after an exposure of 1 to 3 
*hours Some individuals aie much moie resistant to the effect of the poison 
'than others, 



The structure of the normal P caudatum Note the well-defined nuclei! and the proto- 
plasmic structures (Iron hiematoxylm stam ) Carl Zeiss X 10 ocular, 1/6 objective 





Vi* 


Plate LIX 



Tht structure of the P caudatum exposed to the Cobra Venom solution (1 — 2,000) Note 

the swollen, hazy and broken appearance of the protozoa and the karyorrhexis m process 
(Iron hffimatoxylm stain ) Carl Zeiss X 10 ocular, 1/6 objective 
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3 Other protozoal oiganisms such as Bodo caudatus, Trichomonas 
hoinims, E histolytica and E lma% aie much moie resistant 

4 P caiidatum show mteiesting movements known as ‘ avoiding reaction ' 
when in contact with cobra venom 

5 The hjdiogen-ion concentration of the substrate has a very important 
eftect on the lesistance of the paiamecium against cobia venom The loweiing 
of the pH below 7 decieases the death mteival, while it increases with the rise 
of pH above the neutial limit 

We aie gieatly indebted to Lieut -Colonels H W Acton and R Knowles 
for then advice and help in this research 
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The subject of snake Aenom is of special interest to India While the 
total mortality pei annum fiom rabies in this countiy, including both treated 
and untreated cases, amongst a population of over 350 millions is at the most 
1-2 cases amongst Euiopeans, and not moie than 500 among Indians, the 
number of deaths annually from snake-bite accoidmg to the moitahty returns 
average between 20,000 to 25,000 oi moie The number of fatal accidents in 
other parts of the woild amounts to from 5-10 thousands annually 

The investigations on snake venom carried out during the last thiity 
yeais, so far as India is concerned, have been mainly along the lines of classi- 
fication of the variety of venomous snakes, pieparation of antivenm and its 
keeping piopeities, the chemical and biochemical features of the venom and 
its toxicity Interesting observations have been made in America, Brazil, 
Japan and Germany on the neurotoxic and hEemolytic principles of the venom 
Much of the difficulty of the workers lay in the variations m the composition 
and relative proportion of the active principles of the venom as mentioned by 
Flexnei and Noguchi (1902) That the two principles weie distinct was 
shown by the studies of Wen Mitchell and his collaborators (1886) Since 
then the haemolytic principle has been fairly thoroughly myestigated at least 
in many of the colubrme and viper me poisons The neurotoxic principle has 

( 1113 ) 
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or cornea docs not produce anv aincsthctic cftccts, nor aie there any signs of 
local inflammation This is lathei mteicstmg as the poison ot some of the 
African snakes has a vei\ iiiitani action on tlic tissues, ‘•e\cic inflammation 
IS set up m the conjunctual sac-' when the poi^^on gams access to them The 
venom of the Indian cobia is not absoibed to an> appieciable extent from the 
intact mucous mcmbiane This i" piobablj the lea'on why the method 
adopted b^ snake ehaimeis m this countij oi ■'Uckmg the \ciiom awa} from 
the wounds by mouth pioduce" no ill eiiects 

Digestive system — ^The acuon oi the \cnom on the lunetioiis oi the 
gastio-mtcstmal digcstne cn/Miie-' ol man was ■studied I'lit \enom bj itself 
in vitio was found to ha\e no laoteoUiie oi annloKiu action in dilutions of 
1 m 500, 1 111 1,000 and 1 in 2,000 It ditl not in an\ wa> eliect tlie activity 
of the salivary, gastric and pancieatic -'icictioiis of man it dilieient hydrogen- 
ion concentrations The cobia venom is, howecei, i digcstice enzyme and it 
undoubtedly helps the actnity ot other digcstite juices in A am naia even thoiigh 
it may not luuc a dige-^tite action itseli It i-' well known that the leptile 
dies if all the venom is milked and a bolus ol meat i> iniioduced into the 
stomach The action may be ot the natuie ol a kma-e c hope to deal 
wath the digestive piopeities ol \enom m a subscaiucnt papei 

The venom m doses of 0 I to 0 S mg slightK mciea'Cs the tone of the 
mvoluntaiy muscles of the gastio-intcstinal tiact but the peiistaltic move- 
ments aic not appieciably' iiici eased 

The volume of the intestines is \ciy maikcdly decieascd with small sub- 
lethal doses (Giaph 1, a) This is no doubt due to the stimulation ot the 
vaso-motoi centre wdiich is discussed m detail latei 

Action on the cuculatonj system — ^The pie\ious woik on the action of 
cobia venom on the ciiculatoiy system is mdelimte and conflicting Accoiding 
to Manwmimg and T B illiains (1923) the action ol the ^enora on the 
heart is varying and a reliable index ol its action is ilifhcult to obtain The 
most constant reaction was (1) depression ol the my oeaidiuin altei large doses 
as showm by a decrease m the amplitude ot the heart, occasionally preceded 
by a pielimmaiy peiiod of stimulation, (2) mcieaso ol niyocaidial tone as 
shown by a use m the ciuve occasionally preceded by a decrease of tone 
These authois fuithei observed that (1) the isolated labbit’s heart showed a 
distinct lesistance during the summer months and a distinct hyper susceptibility 
dm mg the wintei months, (2) by per sensitiveness fiom lecuiient intection and 
(3) hyper sensitiveness from previous toxic injuries 

Om expel iments w^eie mainly done on cats, dogs and rabbits also were 
used The animals were anesthetized with chloialose 0 1 g per kilo body-weight 
given into the stomach oi by intiamusculai injections of 1 8 g of urethane 
Injections of 0 3 to 0 5 mg of the venom to animals weighing roughly 2 kilos 
(1/10 of the lethal dose) invariably produced lespnatoiy distiess 
The respirations stop for a moment become deep, ii regular and spasmodic and 
this obscured the circulator v effects Urethane cats sometimes showed a fall 
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and sometimes a use of blood-pressuie, but m either case if the animal was 
given aitificial lespiiation the action on the blood-piessuie tended to be unifoim 
and consistent A dose of 0 3 to 0 7 mg of venom mvauably produced a 
biuall use of blood-piessuie Up to a ceitain point the blood-piessiue lose 
in piopoition to the dose With the use in blood- pi essuie the myocaidiogiaph 
tiacing sometimes showed slight stimulation of the auiiclo and slight dilata- 
tion ot the \entiielc to begin with, follow'ed by flight acceleiation of the 
licait’s action (Giaph 1, d) This eftect is most piobabh physiologic 
compensation bi ought about thiough the blood vessels and not on account of 
my dnect stimulant action on the heait With laigei doses theie was often 
1 maikcd till in blood-piessure, with obMOii? caidiac embaiiassment 
Theie i- ^lowing and weakening of the heait If the dose wms 
not too laige the blood-piessiiie in most cases had a tendency to return to 
noimal aftei a shoit time probably due to the venom passing out of the heart 
and getting diluted m the geneial ciuulation (Giaph 2, d) With toxic doses 
il 5 mg 01 moie) the fall m blood-piessuie w'a^- extieme and peimanent and 
tlie heait neiei levned (Giaph 1, e) The fall of blood-pi essuie with laige 
doses It mamh duo to paialysis of the vaso-motoi tentie In deceiebiated 
animals tin whom the biam was destioyed but the spinal coid w'as left intact) 
kept ah\e with aitificial lespiiation, the blood-pies=;uie showed little or no 
changes (Giaph 1, d) It would appeal fiom thi« that the eftects of the venom 
are piobably cential m origin 

The heait — The heait in myocaidiogiaph expeiiments apait from the 
compensatory eftects due to use m bloocl-pi essuie, bi ought about by vasculai 
changes, did not show' any appieciable effects w’lth such doses as 0 3 to 0 8 mg 
With toMC doses such as 1 to 1 5 mg and moie, the heait stopped in a shoit 
time, the amides and the ventricles at fiist beating slowly and iiiegularly and 
finally stopping in a condition of partial systole (Giaph 1, e) In deceie- 
biated animals 0 5 to 0 8 mg of the venom pioduced no fall in blood-piessuie 
iiid the mjocardiogiaph show'ed little oi no change in the aiuicular oi ventri- 
(ulai conti actions Toxic doses, however, pioduced similai lesults to those 
desciibed above 

The volume of the heart recorded by caidiometei show'cd slight dilatation 
of the heait aftei such doses as 0 3 to 0 8 mg , probably due to the use m blood- 
piessure aheady lefeired to This effect appeals to be compensatory to accom- 
modate the blood pushed into the heart by constuction of the blood vessels 

The effect of the venom was also studied on the isolated heait of kittens 
tnd labbits Dilution of 1 m 20,000 and upwaid^ did not produce any maiked 
effect on the kitten’s heart With stiongei concentrations the heart was 
depressed and w’lth still higher concentiations (such as 1 in 5,000) the heart 
stopped This effect m all piobability was produced by large quantities of 
foreign colloidal mattei passing into the cardiac capillaries or possibly an 
enzyme action None of the concentiations of the venom, however, high or 
low, pioduced any definite stimulation of the heart either by its action on the 
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sympathetic oi chiccl action on the nnocauliuin tlioiii'li laicly, especially iilien 
the heait i-^ quite fiesh, slight augmentation ot the beat h sometime obsened 
(Giaph 1, c) IMien the heait is tiied oi is tailing, cobia \enom solutions 
nevei stimulate it 

In the case of the isolated hcul ot i ibbit- the venom in dilutions ot 
1 m 100,000 and inoie did not ■'how anv oftect \\ ith concentiations of 1 in 
50,000 theie was a giadual dcpiC"-ion oi tlu hint ittion \\ ith higliei con- 
centiatioii" such a-' 1 in 20,000 tin heait .ictum w.is coii'-ideiabh dcpiesscd 
m most instance" and the heait ncvei uvivid In ca'C ot the labbit’s head 
and al "0 that of the cat no comentiation ot tlu venom showed any definite 
signs of stimulation ot the heait 

It will be seen, theieloie, tbit tlu ii'C ot bluod-piC"suic aftei injections 
of the v''enoin is not due to stimulation ot the .ucclci itoi mcchani'in oi of the 
myocaulium The ii-e ot blood-piC'^iiic ippt ii" to be a-sociated with the 
modullaiv ccntics as it was <ib"cnt m deccubi ited animals when these 
centies wcie dcstiovcd Tint the ctniie m the medulla is icspoiisiblc loi the 
piessoi oftect pioduocd i- •'Uppoitc<l bv tlu lollowmg evjieiiinent It should 
be noted at the out"et that the va"o-motoi ccniic is veiy sensitive and anv 
idveise mfluoiue "Uth a" ovees-.ue htemoiihagt oi slunk due to unigh handling 
01 e\oc«si\c damage to the tissues mav intcitcie with the piojiei functioning 
of the centic and vitiate the lesults The amimil, theietoie, need vciy caielul 
handhii" 

A cat undei aiuesthe«ia was given aitificial lespnation The ciiculation 
of the light limb was isolated bv hg.ituimg the abdominal aoita about the 
level of the fouith lumbai and lemoial aiteiv and the vein of this limb weie 
dmded (Sollman and Pilehci, 1910) 'I'liis limb was then peifused by putting 
a canula into the cut peiipheial end ol the lemoial aitciy, the inflow ot the 
pel fusing fluids being measuied bv the entiv ol the an bubbles into the maiiots 
bottle containing owgenatcd waim Ringei’s fluid and defibiinated blood The 
ciiculation in this limb wms thus entnel} isolated fiom the lest of the body 
and the outflow fioin the limb could be lecoided on a chum moving with 
modeiate speed by an electiic iccoidei II now’’ cobia vmnom is injected into 
the left femoial vein ic will ciiculate m all othci paits ol the body except the 
light limb and any eftect pioduced on the vessels will not be cliiect but thiough 
the centie in the medulla, as the neivous connection of this hmb aie still 
intact Injections of cobia vmnom mtiavonously in such animals pioduced a 
distinct conti action of the vessels as evidenced by letai elation of the entiy 
of pel fusing fluid (Giaph 1, b) This effect could be bi ought about 
thiough the agency of the centie in the medulla oi ganglia, if any, above the 
hmb since the blood supply to the light leg was cut oft 

Respiiatoiy system — That death fiom cobia poisoning is piimaidy due 
to failuie of the function of lespnation has been known foi a long time 
A J Claike (1927) mentioned that the local effects of cobia venom aie no 
maiked but the toxin pioduces a geneial cential paialysis and death is pioduee 
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fiom paialysis of icspuation Cushney (1916) on the othei hand mamtamed 
that paialysis of the motoi neive endings of voluntaiy muscle is the main 
cause Accoiding to Hefftei (1926) the lespiiatoiy centie is paialysed first 
In waim blooded animals the icspuation stops and theie is also the curaii- 
form action side by side In some cases peihaps theie is paialysis of the 
endings of the phiemc nei\e 

Very \aluable woik has been done M Chailes J Alai tin and Geoige Lamb, 
and some ol the yoikcis in Biazil like Edwin Faust who, nhile analysing the 
active pimciple of snake venom, found that it contained (1) a neuiotoxm which 
had a special affinity foi the ncivc cells and paiticulaily foi the cells of the 
lespiiatoij centie, (2) a ncuiotoMii with affimt-y foi the neive teimmation 
of the muscles and paiticularly foi those of the diaphiagm These special 
affinities vaiy accoiding to difteient poisons Edwin Faust maintains that the 
neuiotoxin wdiich has an inhibiting action on the neive teimmation of the 
muscles, especiallj on the phiemc neive of the diaphiagm, is entiiely inde- 
pendent of that which acts on the cells of the lespiiatoiy centie inasmuch as 
theie are poisons of leptiles such as Notechis scutatus, TTpeia beius, Crotalus 
adamantus, etc , w'liich pioduce inhibitoiy bulbai action yet do not cause 
diaphiagmatic inhibition Acton and Knowles (1914-15) stated that the use 
of artificial icspuation w'as confined to cases of colubiine bite and that theie 
is no need foi its employment in the case of vipei venom where death takes 
place from caidiac failuie and latei on fiom multiple liEemoirhages 

Fiom a peiusal of the above hteiatuie it would appeal that the exact site 
and natuie of action of the \enom on the lespiratoiy system has not been 
definitely ascei tamed We tiied to elucidate this by devising a senes of 
expel iments 

Cats aniBSthetized with chloialose or methane w'ere generally used in these 
expel iments The action of the venom on the lung capacity oi lung volume 
was first determined It wms found that in cats under chloialose anaesthesia 
the action on the lespiiatorj centre was so preponderant that it obsemed any 
effect that might be pioduced on the bionchioles The animals were, therefore, 
anaesthetized with urethane, which has neither a marked stimulant nor a 
depressant action on the respnatoi} centie In a deceiebiated cat the mtia- 
pleural pressure was recorded by introducing a canula into the pleural cavity 
and recording the movements by a tamboui It was noticed that there was 
often no effect or a very slight constriction of the bronchioles as shown by 
diminished excursions of the lever A second oi third dose of the venom in 
the same animal did not elicit any response Measmement of intia-tiacheal 
pressure in a cat under urethane (wuthout artificial respiration) by directly 
connecting the tracheal canula to the tamboui, showed that there was accelera- 
tion of respiration (Giaplr 2, b) Sometimes there was a short stage of 
apncea followed by convulsive spasms (Graph 1, b) In view of the diversity 
of results obtained we tried to determine the part played by the medullary 
centres In order to do this the following experiment was performed The 
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abdomen was opened and tlie dmphiagm wa^ caiefull} scpaiatcd from its 
costal attachments An opening made into tlie chest in the xiphi-^ternal 
legion to get suificient loom to isolate the phienic iicinct on cither side The 
stiip containing the phienic nei\c cnding-3 on tlic Iclt 'idc of the animal i\a' 
seemed, making suie that the attachment behind was a^ tendinous as possible 
so as to cut oft all blood supph TTih method ii not an ideal one as accord- 
ing to Eail Thomas and F E Fianki-i (1928) ccitain amount ol blood 
cii dilation mu^t still go on In aninial-) like the dog the strip containing the 
phienic neive endings can be completelv -epaiated lioiii the rest of the 
diapluagm and movements ol the diapluagiu can be studied by keeping one 
end fixed and connecting the othei end to a Icici b\ a suitable >\steni of 
pullies In the case of the (at theie aie dilhcultie- a^ the phienic ner\e is 
not long enough to peiiiiit isolation ol tlie stiip ol diapluagm Besides the 
diaphiagm slip is often too ^iiiall to be fixed at one end and connecting the 
othei end to a lecoiding le\ei Having ligatuied all the blood supply to the 
diapluagm the movement weie lecoided This expeiiment was performed in 
both the cat and the dog The movements ol the diapluagm and the costal 
muscles aie dependent on sevcial lactois and m oui cxpeiimcnts the possibility 
of lespnatoiy centie not functioning when the animal is undei artificial respi- 
ration was not ovci looked The centics m the medulla must be efficiently 
supplied with piopei ciuality ot blood to lunction piopeily O\er-\cntilation 
of the lung, bj inci easing oxygen tension m the blood tended to cause apneea 
and undei -oxvgenation by inciea-<mg the CO, tension, though to stait with 
stimulated the lespiiatoiy ccntie, tended to stop the heait by acting adversely 
on the heait muscle A caieliil manipulation ol aitificial lespnation to 
maintain satisfactoiy’’ diaphiagmatic and co'-tal movements is theieloie essen- 
tial Aftei all these factois aie caiefiilly attended to, both the diaphiagmatic 
and costal movements can be lecoided on the chum Smallei closes such as 
0 4 mg m ‘such a piepaiution pioduce a maikcd aeeeleiation ot the diaphiagin- 
atic movements and a definite mciease ol tone (Giaph 2, c) Laigei (loses 
of the venom pioduced a definite cessation ol lespuation w-ith a spasmodic 
condition of the diapluagm (Giaph 3, a) In some cases the lespiiation 
became spasmodic and jeiky The costal movements wtic also lecoidcd along 
with the diaphiagmatic movements by attaching one side ot the chest to a 
level thiough a system of pullies It wxis ^liowm that injections of the venom 
affected both the costal as wtU as the diaplnagmatic moveinents (Giaph 2, ( 
The venom must, theiefoie, act on one oi moie of the tollowing (D the ceiitic 
111 the medulla which contiols the diaphiagmatic and costal niovenieiits, (-) 
the neive endings in the muscle conceined, oi (3) on the muscle fibies 

To see if the venom was acting on the neive endings of the phienic, 
iput the centie out of action either by sectioning the phienics oi tenipoian 
paralysing the neives with CO_ snow The niovement stopped at once 

In anothei experiment we retained the blood supply to the diapluagm ^ 
^not separating the right half of the diaphragm fiom its costal attachmon - 
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The strip from the left half was just made up foi convenient fixing of the 
lecoiding lever, otheiiMse the blood supplj"- was as fai as possible permitted 
to continue Section of the phienic oi fieezmg completely paialysed the 
respiratory movements of the diaphiagm, the muscle losing its tone and becom- 
ing lelaxed while the costal movements continued (Graph 3, a) Injection 
of cobia venom at this stage pioduced no effect on the movements of the 
diapluagra but had the usual effect on the costal movements (Graph 3, b) 
Tins shows that the effect pioduced was not due to any action on the part 
of the venom on the endings of the phienic nerve oi on the muscle of the 
diaphiagm 

We next paialysed the motoi neive endings of the respiiatoiy appaiatus 
by injecting 4 to 5 mg of cuiaie It was noticed that m the eat the costal 
movements veie paialjsed eailiei than the diaphiagraatic movements by this 
alkaloid This may be due to the fact that the nerve endings in the diaphiagm 
aie more lesistant to this diug than those in the costal muscles oi peihaps 
diminished blood supply to the diaphiagm was the cause foi delayed effect 
If at this stage a dose of cobia -senom is given, the diaphiagmatic movements 
are distinctly stimulated wheieas the paralysed costal movements are not 
affected If a second dose of 4 mg of cuiaie is now given both the costal 
and the diaphiagmatic movements aie paialysed, the administi ation of the 
venom now produces no change in the movements of either (Graph 3, c) 
This experiment fuithei coiioboiates the view that the action of the venom 
is cential and that it has no action on the neive endings of eithei the diaphragm 
01 the muscles lesponsible foi costal movements The isolated strips of the 
muscular portion of the diaphiagm with the phienic neive endings intact weie 
perfused in Dale’s uterine bath No ihjtlimic movements in the diaphragm 
were noticed as occui in some of the othei musculai tissues Addition of 
cobia venom in dilution of 1 in 1,000 slightly inci eased the tone of the muscle 
as showm by the use of the level Low'er concentrations pioduced no effect 
whatever 

The expeiiments on the dog and labbit showed somewhat similar effects 
(Graph 3, d) In case of the rabbit doses of 0 2 to 0 4 mg pei kilo 
affected both the costal and diaphiagmatic movements producing deeper respira- 
tory movements at longer intervals Further a single dose invariably per- 
manently affected the respiiatoiy mechanism in a labbit 

The action of the venom on the higher centies and on the neive endings 
associated with lespnatoiy movement has been debated In the cat at any 
late the action on the phrenic nerve endings appears to be negligible as showm 
by the follow'ing experiment An animal whose diaphiagmatic movements 
weie being recorded with the phrenic neive isolated was stimulated with a 
weak current from a Du Bois Raymond secondary coil to elicit a response 
from the diaphragm The minimum strength required to produce a contrac- 
tion being determined the animal was given a fairly large dose of cobia venom 
namely 1 mg per kilo, which showed the usual effect on the respiration, the 
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dmpluagm and the heait The phicnic nei\e tlicn atimulated iroa an 
mcluctoiium with the minimiun stiength whkh gu\e i ic-'ponse betore the 
\enom was gi\en This stimulus still pioduced a ic-poiisc showing the end 
plates 111 the diuphiagin weic not ad\ei-'cl> attested b\ the \enoin When 
luiaic IS given, which paialj-cs the end plates, absuluteli no roaponjc b’ 
pioduced by aiipheation ot stimulus to the phicnits In the labbit the lenoin 
has been said to act niainh on the phicnit nci\e tiuliiigs but in oui expeiiment 
the dose neccssaiv to cuisc a iilock in the pluenie nci\e also stopped the 
costal movementb Stimulation oi the pint nit nci\t with an inteirupted 
ciuient still ga\c a icspoiibc show mg that it is the tentie in the medulla which 
IS aftected befoie the paiahsis ot the ending ot the phunn e\en in a rabfiit 

Voluntanj mubcle — ^^Fhe action ot the \enom on the nuistle and nene' 
w\as studied in a muscle nci\e piep nation ot a liog b\ compaiing the stiengtlh 
of cuiicnt w'hich pioduced a conti action bctoie and ittci the application of 
the venom It was shown that the tone oi the muscle w is bhglith incieased 
by the venom m dilution of 1 m 1,000 In mamm ils it was obscitcd that direct 
ipphcation ot the \enom mci cased the lone but this was not the case when 
it was admmisteicd mti i\cnousK FiobabK the coiicenii ition necessaij foi 
incieasing the tone of the muscle is \ei\ high and c nmot be ittaincd by intra- 
^enous achnmistiation It was shown that the \cnom ewen in high concentra- 
tion had no paiahtic cflect oithci on the nci\c endings in the nuisclo oi muscle 
itself 

The movement of isolated uteius lecoidcd m Dales’ uteiinc bath showed 
mciease of tone m concentiations of 1 m 5,000 to I m 10,000 but tiio automatic 
movements weie not appieciabK aftected (Giaph 1, f) 

Cential neivous i>ijstein 

We have fully discussed the action of cobia venom on the vaso-motor and 
lespiiatoiy centies The action of the cenom on the cential nenous system 
wms studied on animals wdio had icccucd lethal and sub-lethal doses Animals 
such as the cat and the labbit become apathetic aftei a piehnnnaiy stage of 
excitement looked diow^sy, the icspiiations became luuiiecl and latei theie 
w^as slight paialysis of the hmd hmb-the animals attempted to move diaggmg 
the hind legs They w'eic lethaigic and show'cd no clesue toi food Some o 
the pievious woikeis hace clesciibcd gencial cuiaiifoim eftect of the cobia 
venom biit this waas not boinc out by oui oxpciiments No paialysis of the 
end plates could be demonsti atecl by testing the neives by means of iiiteiiupted 
cm lent eithei Biochemical wmik of Edwin Faust, Chailes Mai tin and Geoige 
Lamb has shown that the sepai atecl neuiotoxic pimciple affected the lespirb- 
toiy centies in the medulla and not the ceiebial coitical cells Clinical obsei- 
vations m man aftei cobia-bite show that the effects aie snnilai to those 
obseived in animals The patient has diooping of the eyelids (ptosis) 
complains of weakness in the legs, is lethaigic and shows no desiie to move^ 
There is inability to speak and sometimes the phaiyngeal muscles aie paialys^' 
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and the patient cannot clunk watei as in hydrophobia Some of the physio- 
logists have drawn attention to the possibility of a substance that stimulates 
the medulhi}’’ centie in a mammal depiessing the coitical centie/and vice versa 
It IS piobably on this basis that lecently the venom of some snakes especially 
those belonging to the vipei family has been used as a ceiebial sedative and 
in the tieatinent of epilepsy Oui obseivations on animals have so far not 
shown any justifif'ation foi this belief 

Discussion 

That the action of cobia \cnom amiies with the lelative pioportion of 
vaiious constituents of the poison is established beyond question The neuro- 
to\ic pimciple in the Indian cobia pioduces lespiiatoij effects almost entiiely 
thiough the lespiiatoiy centie and not thiough the neive endings This has 
been cleaih bi ought out b> oui evpeiiments The absence m a 
pithed animal of both the ciiculatou and lespnatoiy effects shows that the 
centies in the biam aie entiielj lesponsible The heait muscle is not affected 
by oidmaiy doses Ncithei the pei fusion of the heait with vaiious concentia- 
tions of the cenom noi the myocaidiogiaphic experiment showed any stimula- 
tion An appieciable use in the blood-piessuie is generally obseived piovided 
the lespiiatoiy effects docs not obscuie it That this use in the blood-piessuie 
IS entnelj due to stimulation of the vaso-motoi centie has been pioved by the 
use of Sollmann and Pilchei’s technique The venom heie is not permitted to 
leach the limb pei fused so it cannot act locally That the effect on the res- 
piration IS also mainly due to its action on the centie in the medulla is shown 
by tl) its absence in pithed animals, (2) by its absence in the diaphragm 
when the phienics aie cut oi frozen wdiile it still persists in the costal muscles, 
and (3) by its absence in both diaphragmatic and costal movements aftei 
administration of paralytic doses of cm are The action on the centie, especially 
W'lth small doses, is at first stimulation as shown by increase in the tone of 
the diaphiagni and othei muscles concerned in the respiratory movements The 
lespiratoiy efforts become deep and spasmodic Paralysis of the centre comes 
on later With large toxic doses the stimulant effect is often not noticeable 
As disturbances in the CO, tension may also produce stimulation of the centre, 
in our experiments the artificial lespiiation was maintained at an even tension 
of oxygen and CO, so that this factor did not come into play 

As legal ds the paralysing action of the venom on the endplates in the 
diaphragm emphasised by many workers, it has been shown m the case of 
Indian cobra venom at anj^ rate, that stimulation of the phrenic neives with 
an inteiiupted curient of known strength pioduces an equal response in animals 
who have been given multiple lethal doses of the venom and in those who have 
not had it If these end-plates aie paialysed by curaie no such response is 
obtained Fiom all these data one is justified in concluding that the venom 
of Nam naia vel tiipudians stimulates the medullary centres in small doses 
1 e , the respiratory and the vaso-motor, the effect on the respiratory centre 

J, iMR ^ 
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being somewhat moic poueiful than on the \a>o-motoi ccntic Large doses 
pioclucc a paialysis of both the eentie-' Since tlie vagal centie is in the 
same legion of the medulla thcie i-^ a po^-^ibilitj ol the \cnom stimulating the 
vagus centie as ^\ell, though the manitt-tation of the stimulation ot the \agal 
centie m the heait, the bionchiole-^. and m the intestinal moiemcnts i^ not 
evident vith oidiuaiy dose-' 

SUMM\R\ VM) CONCLLslONs 

1 The j\r Tj D of the \enom fiom Indian tobia Xaia naui vel tnpu- 
chans vanes with the -'pecie-' ol animal-, ( it- and lat- aie le— su-ccptible, 
dogs, labbits and man aie moie ea-il\ atliated 

2 When given nitia\tnou-h the \tnom piodutc- an immediate eftect, 
the animal djing within a few minute- ol ie-pnatoi\ failuie provided a large 
enough dose is gnen The absoiption is -lowei when the \enoin is guen by 
the subcutaneous and nitiamu-culai lOiite-, de ith taking place m 4 to 24 hours 
The venom is not ab-oibcd at all liom the gastio-intcstinal tiact or other 
mucous meinbi anes 

3 The ^enom has no eficct on the actiMt\ ol sah\ai\, gastiic and pan- 
el eatic secietions of man ?n vit)o It slightly inciease-> the tone of the muscu- 
latuie of the gastio-intestmal tiact in cats, and i ibbit- 

4 Injections of sub-lethal doses of the \enom pioduce a small but per- 
sistent use of blood-pie«suic in expeiimental animals This use is not due to 
any stimulant action on the aceeleiatoi mechanism ol the lieait oi on the 
myocaidiuin None of the concentiations ol the \enom, howeiei high oi low, 
pioduce definite stimulation of the heait esiieeialh when it is failing VeiY 
laige doses appeals to act diiectlv on the heait pioducmg a maiked depie-sion 
and stoppage 

5 The use of blood-pie-suie appeals to bo a^-ociated with the stiiiiulatioii 
of the vaso-motoi centie in the medulla as it is absent in deceiebiated 
animals The fall of blood-picssuie pioduced b\ laige doses has been shoiin 
to be due to paialysis of the vaso-motoi centie 

6 The main action of the venom in lethal and sub-lethal doses on the 
animals is on the lespiiatoiy centie, the eftect being one of initial stiniulation 
and final paialysis 

7 The venom appeals to haae no effect on the motoi end plates m the 
diaphragm oi othei lespiiatoiy muscles 

8 Obseivations on animals show that the venom pioduces initial stiniu 
lation of the higliei paits of the biam followed by paialysis Theie appears to 
be no justification foi its use as a cardiac stimulant oi in the tieatraent o 
epilepsy, chorea, etc 

We are very grateful to Lieut -Colonel H W Acton, i m s , for his valuable 
advice and help in the course of this investigation 
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THE EARLY STAGES OF SOME INDIAN MOSQUITOES 

MEGAREINUS 


BY 
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[Recen cd for publication, October 20, 1930 ] 


The larvaj of Megaihxnus are veiy umfoim m stiuctuie thioughout the 
genus, and, up to the piesent, no attempt appears to have been made to draw 
up a synoptic table foi the identification of those found m any paiticular 
region In the published desciiptions of the early stages little oi no refeience 
appears to have been made to diffeiences m pilotaxy, it being generally assumed 
that such did not exist A study of the 4th stage larvse and of the pupse of 
the SIX Indian species has levealed diffeiences which aie constant in the material 
available and keys are given below foi the identification of these stages It 
seems piobable that the chaiacteis used m these keys will be of value in the 
differentiation of laivffi and pupse of species occuiiing m other countiies 

The important structural characters of both the larvae and pupae are 
illustrated on the accompanying plates 

The larvae are of some importance in India as, by then predaceous habits, 
they seive to keep down the numbers of blood-sucking forms such as ^des 
[Stegomyia), JEdes (Finlaya), Aumgeres, and others, with the larvae of which 
they are most frequently found in association m tree-hole« and bamboo 
stumps 

Larvae of the 4tli instai may be distinguished from those of other genera 
by the following characters very large laivae, usually of a deep red or 
reddish-brov n colour, those of the larger species measuung up to 16 mm m 
length Head sub-quadi angular , hairs on dorsal surface all placed very far 

{ 1127 ) 
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fol^^ald, fiontochpcu-s cliMclod h\ a >ut\nf into iui antuiioi pait and a much 
laigei posteiioi pait, the antcMioi (niiRT loin li'iin on cacli ‘'ide, tliree fine 
and simple and one vci} minute and spme-like (the outeimo?t), the pusterior 
pait also caiucb foui haii-^ on each side, time line and -ample and one lery 
small and bianthcd (the nineimo-'t) Viitemi'i -lunt, "halt smooth, han tuft 
lepicscnted by tno line han-- -ituated >ome little distance Iitlow the tij), beh\een 
these and the tip theie i- a "inall bi.iiuhed siib-iipiiid han Mouth parts 
adapted foi piodaceon- inn[)o-e>, han-- of month Inn-lie's modified into strong 
lamelliD with hooked tip- 'rhoia\ with -omt hea\ilj ilntini/ed plates cairjmg 
thick spmulose bii-tlos The .ni.ingement ol tin thoiaiie haiis is shown in 
diagiammatic loim on Plate LX Pio-thoi i\ with two huge jilatcs on eacli 
side, a doiso-l.iteial and \entio-l.iteial, the loimer Lame- Jiaiis b, 7, anil 8, 
the first and la-t being bii-tle-, the lattei eaiin- han IJ, always small and 
blanched, and the foui plevual bails (9 to 12) on a lai-ed tubeicle, one of 
these being a bustle On the me-o-thoia\ theie aie in -oiiie species thiee 
plates, in otheis fom, on each -ide, in the loimei the dorso-lateial plate bears 
bans 3 to 7, b being a bustle, in the iattei the plate i- dicided, bans 3 anti 4 
bemg on a sepaiate small plate, ban 8 i- liteial, bustle-hke, and aiiscs from 
a tubciculai plate, the \ entio-lateial plate tame- the pleuial bans 9 to 12 
and han 13, as on the pio-thoia\ On the meti-thoia\ theie appeal to be 
thnteen bans as against fouiteen on the i>io- and nic-o-thoia\, by comparing 
the bans on the thiee parts ot the thoiav it woukl seem that the luissing hair 
IS No 7, bans 6, 8, and 14 are bustles ausing tioiu sepaiate plates, the last 
bemg vential, the pleuial bans and han 13 aie on a \entio-lateial plate as 
on the othei two segments In addition to the huge plates mentioned there 
aie some much smaller plates from which the finer bans aiise On abdominal 
segments 1 to 7 there are thiee plates on each side a doiso-lateial, lateral, and 
ventio-lateial, which cany cither spmulo-e bustles or long plumose bans, or 
both, these are very similar in all the species except the doiso-latcial plate on 
the 7th segment, on which theie may be two bustles and three bans, oi one 
bristle and four hairs Eighth segment with a huge lateral plate on each side 
rn place of a comb, wnth twm strong bustles and -ome small bans, the length 
of the longer bristle compared with the length of the -iphoii tube is of chagnobtic 
value in some cases Siphon tube short and wide, a single pan of strong 
blanched han tufts arising near the base, pccten absent Anal segment 
enclosed in a strongly chitinized ring with numerous spines along the posteiioi 
margin, both long and short n regularly alternating, lateral hair biistle-hke, 
spmulose, both pans of sub-dorsal hairs divided into a number of long branches, 
anal papillm quite short, anal fan well developed, the hairs split into fine 
branches The relative length of the siphon tube"^ and of the chitinized part 
of the anal segmentf is of importance in certain species 


* Measured along the anteuoi maigm in side view not including the valves 
t Measured along the doisal boidei in side view 
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side of the thoia\ “lie connected b\ a \ci\ naiiow «tiip of clutin, on the 
opposite side of the hna, in each case, the plate is divided into two Skins 
of 10 isolated lar^a! and foiii complete lai\a; have been examined 

Pupa (Plate LXII, figs 17, 20 and 29) of the five snb-median and sub- 
lateial bans two aic model ateh long on teigite 2, and thiee on tergite 3, two 
are long and black on teigites 4 and 5, and one on tergite 6, the larger lateral 
hail on segments 2 to 4 is fine and shoit, that on 5 and 6 longer, that on 7 
quite small The posteiioi boidei of the paddle is occasionallj^ only slightly 
cmargmate and the pupa then ie«embles that of M giavelyi closehq the bans 
on tergites 1 to 7 liaaing \ei} much the same aiiangement and development 
M gravelyi Edn Laiva, 4th stage (Plate LXI, figs 11, 12 and 13) this 
IS fairlv easily' sepaiated fiom the lanie of M albipes and M minimus (vith 
vliich it agiees m having the meso-thoiacie doiso-lateral plate divided into 
tvo) bj haling the siphon distmctlj longei than the chitimzed pait of the 
anal segment Length of siphon 1 5 to 2 0 mm , siphonal tuft of foui blanches 
in the skin« of two isolated laiiae examined 

Pupa (Plate LXII, fig 28) diffeis fiom all the other species in the shape 
of the paddle vliich is not emaiginate on the postenoi boidei (m this respect 
lesembhng the pupa of M magmficus from INIalaja) In the character and 
development of the haiis on the abdominal teigites it agrees closely with the 
pupa of ill albipes 

M minimus Tlico Larva, 4th stage (Plate LXI, figs 8, 9 and 10) the 
comparatueh small size and the cliaiacteis gnen in the key ser\e to distin- 
guish this larva fiom those of the other five species Siphon 0 7 mm long, 
siphonal tuft, m one specimen, of thiee blanches on each side, m another 
specimen the tuft is lepiesented bj a single strong haii on one side, and by a 
two-branched haii on the other Skins of two isolated lar%£e examined 

Pupa (Plate LXII, figs 21 and 27) size and shape of paddle fairly 
distinctne Of the sub-median and sub-lateial hairs one is long on tergites 
2 to 6, and a second of model ate length on teigites 2 and 3, larger lateral hair 
on segments 5 and 6 veij long 

M kempi Edw Larva, 4th stage (Plate LXI, figs 4 and 5) length of 
siphon 1 0 to 1 2 mm , siphonal tuft of 4 to 6 branches, more usually 5 
Bristle representing haii 8 on pio-thoiacic dorso-lateial plate single (m the 
skins of fire isolated lanae examined), in some other species this bustle is 
invariably bifid 

Pupa (Plate LXII, fig« 19, 22 and 24) paddle of very distinctive shape 
and without an irregular black line across the base (m the«e characters closely 
resembling the pupa of ill leicesteri Theo from Malaja) Of the five sub- 
median and sub-lateial haii« thiee aie rather long and black on tergites 2 and 3 
the mneimost of these thiee on 2 branched, two are long and black on tergite 
4, and one on tergites 5 and 6 

M splendens Wied Larva, 4th stage (Plate LXI, fig 7) this is com- 
paiatnely easj to identify bj the characters given in the key When fully 
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Eailij Siaqc'^ of Enoir hnUno Mo^qnilocs 


giown it. IS fiom 15 to lb nini long and of a (nin''On tolonr oi deep reddish- 
bionn Length ol ^ijilion 1 1 to 1 5 imn , inoic n‘'tmll\ about 12, «iplional 
tuft A\ith fioin 4 to 8 biaiulie-, iuok u^ualh 5 The a ontio-lntcrnl plate on 
the I'st abdominal ^egmeut i- ‘•onietime'- dnidtd into two The more licavil} 
chitmizcd pait '5 of the head and bocK aie of a deep rirh-brown Skins of 
15 isolated lanai, and two (Oinplete lan.e ha\e been examined 

Pupa (Plate LXII, fig" 18 and 25 ) of the fi\e ‘-ub-median and ':ub-lnteral 
haiis one i< long and bhuk on teigite^ 2, (>, and 7. and two on tcrgitcs 3,4, 
and 5, the laigci lateial haii on ^egnunt-' 2 to 7 i^- long 

M. edwarJsi Baiiaml Ijuvn 4th -tage (Plate lAI, fig'- 1, 3 and 6) 
iescmblc« tint of M '^plcndcu'^ m gtnei.il appr nance and '-ize but i« distinct 
on the ehaiacten gi\en m the kc\ Siphon fuun 1 0 to 1 2 mni long, siplional 
tuft u<5ualh of 5 bianehe.- Ifau 7 on me^o-thoiane dono-lateial plate iisuall} 
'Simple, occasionalK ‘jpht into two towaiiL the tip, but not branched as in 
M Loupi Chitim/atiom of head ind bod\ deeji-biown Skins of four 
isolated lame haxc been examined 

Pupa (Plate LXII, fig- 23 and 2')l \(t\ -imilai to that of ill (splcndm 

diftoiing onh m the length ot (he laigei lateial liaii on the 7tli segment 
{compaic Plate LXII, fig^ 18 and 231 


In a pieMou® jnpei [hid lout Med 7?fs . XVII, 1929, jip 271-280) the 
adult'? haxe been cle'-ciibed and (he dnti ibution and biccdmg places gnen 
With legal d to M quasifcwi Leu , which wa>- mcluclcd as an Indian species in 
Edwmrds’ Svnop‘?is {Ind Join Med Pcs . X. 1922, p 459), this record 
w^as based on a specimen fiom Sikkim which, on le-examination, pioved to be 
M splendens 


Explanation or Plvth LX 

Diagiam showung the charactei and appioximatc position of the hairs on 
the right side of the thoiax of ^legaihmus lai\a (il/ splendens Wied) from 
the mid doisal line on the left, to the mid xential line on the right The 
numbers from 1 to 14 indicate the individual haiis on each segment of the 
thorax, 9 to 12 being the pleuial bans in each case On the nieta-thoiax bmr 7 
IS apparently absent 

Lettering — D L Doiso-lateial plates 

L Lateial plates 

V li Ventio-lateial plates 

V Vential plate 



Mid dorsal line 

^ 4 

I 

Metathorax M6so thorax Pro thorax 



E\ri-\N\TinN oi Pf,\Tr TAT 

Cnincia luculn (liawiiifi" illti-'tiatini^ point of ‘•fnirtiirp in the 4tli «tagc 
larvfc of Indian cpcpiC'- of 

Fig 1 ]\fc(i(n huivs c(hin)(lsi Bui M<-o-t!ioi u u (loi-<o-latrral plate, the hairs 
shown are, fioin h ft to imht A to 7 the apieal part of 5 
1 =: omitted 

„ 2 it/ olbipc’i Edw F)!!!!) Show mi: the diM^ion of the plate into two 
paitc, hail- 3 and I beini: on a ‘^epaiate small plate 
„ 3 M ccJii'cnfhi "Ban Pio-thoi ai le doi-o-lateial plate the haiis shown 
aie, fiom left to imht fi to S 
„ 4 I\[ Icmpi Edw Ditto Cntnpmr tin- with Fig 3 

„ 5 hcmpi FAw Me-o-thoi \( ir doi-o-lateial plate eairMng hairs 3 to 

7, bans 3 and 1 being on a jiiojeition Compmc this vith 
Figs 1 and 2 

„ 6 M c(Jivoul<n Ban Doi-n-lateial plate ol 7th abdominal segment 
eairMiig one bn-tU and foin bans 

,, 7 M <tplen(Jcns B led Ditto Gaining two bii«tles and three hairs 
„ 8 il/ numinu^ Theo T^ongei bii-tle fiom lateial plate of Sth segment 
Compaic the length of this with the length of the sijilion 
„ 9 ilf mwnnii<t Theo Siphon tube 

,, 10 M nnnmtK^ Tlieo Chitini 7 cd pait of anal segment, anal fan omitted, 
bases of sub-doisal and latcial bans mdieated 
„ 11 M qiavelyi Edw Ijongei bustle fiom lateial jilate of Sth segment 
Compme the length of tin- with the length of the siphon 
„ 12 M giavchji Edw Siphon tube 

,, 13 M (pavelyi Edw Glntinized ]iait of anal segment, anal fan omitted, 
bases of sub-doisal and lateial bans mdieated 
,, 14 M albipes Edw Ijongci bustle fiom lateial plate of Sth segment 
Compme the length of this with the length of the siphon 
„ 15 M alhpes Edw Siphon tube 

,, 16 M albtpes Edw Chitinized pait of anal segment, anal fan omitted, 
bases of siib-doisal and lateial bans mdieated 
Figs 1 to 7 diawn to the scale showm imdei Fig 7 
„ 8 to 16 diawn to the scale showm iindei Fig 13 
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Plate LXI 



II 


14 





E\i’i \N MioN (»i Pi mi IAIF 

CamcM.i liKid.i (li.iwiim- ilhisti.itmir point- of -tiiictnic in the pupic of 
Indian -pccic- of I/rf/ni /iniifs 

Fig 17 .V (ilbtpc\ Edu Po-ttuoi boidoi of 7th tcigitc sliowing fnc sub- 
int'dian and -vili-laUnal u\ nnui Inm- and two latcial 
„ 18 .1/ ‘^plcinlcii^ Wicd Ditto 

„ 19 M hcmpi bldw Po-teiioi boidoi ol otli fdgilo -liowing hairs 
„ 20 *1/ albipc^ Edw Ditto 

„ 21 -1/ Duvimus Tlico Postcnoi boidei of -llli tcigito, sliowing hairs 

„ 22 .1/ hcmpi Edw Ditto 

„ 23 jSI edxKvdsi B<ui Po-tciioi boidei of 7th tcigitc, chowing hairs 
In rig< 18 to 23 onh about onc-fiftb of the length of the longci haus is shown 
in each ca<=e 

Fig 24 M hempi Edw Paddle 
„ 25 M eduaidsx Ban Ditto 
„ 26 M splendens Weid Ditto 
„ 27 M vnmvnts Theo Ditto 
„ 28 M giavelyi Edw Ditto 
„ 29 M albipes Edw^ Ditto 
Figs 17 to 23 diaw'n to the scale sliown undci Fig 23 
„ 24 to 29 diawn to the scale shown undci Fig 29 





>fOTES ON SO^^IE ANOPHELINE MOSQUITOES COLLECTED 
IN SIEREA LEONE INCLUDING DIFFERENTIATION 
OF ANOPHELES DTHALI PATTON (MEDITER- 
RANEAN) AS A DISTINCT SPECIES 
FROI^r ANOPHELES RHODE SIEN SIS 
THEO (ETHIOPIAN) 


B\ 

BREVET-CoLO^ EL S R CHRISTOPHERS, cie, obe, frs, ims, 

\ND 

I M PURI, (Punjab), PH u (Cantab), ees 

{Fiom the Central Research Institute, Kasauh) 

[Reconed for publication, Octobei 24, 1930] 

In September 1928 one of us (S R C ) paid a short visit to Sierra Leone 
and brought back a collection of Anophehne mosquitoes made in the neigh- 
bourhood of Freetown and at Mabang in the Protectorate The collection 
consisted of adults, with in many cases larval and pupal skins, of A gambioe 
Giles, A 1 hodesiensis Theo , A junestus Giles, A mai shallii -var freetownensis 
Evans, A theilen Edw and A smithii Theo The lesults of examination of 
this material appear of sufficient inteiest to merit publication of the piesent 
note 

The collector wishes to expiess his gieat indebtedness to Di R M Gordan, 
then acting Directoi of the Sir Alfred Jones Research Laboratory, Freetown, 
and Dr G Macdonald of the above Laboratoiy for their extremely kind 
hospitality and very valuable assistance in many ways The fact that he was 
able to obtain specimens and larval skins of the very interesting species 
A theileri was entirely due to these officers’ local knowledge of the breeding- 
places of this species in the Protectorate 

A (Myzomsna) rhodesiensis Theo 

Numerous specimens of this species w^ere bred out from different breeding- 
places about Freetown Next to A gambles it seemed at this time to be the 
commonest Anophehne m the area 

( 1133 ) 





Xolc^ on jliio})li< (nil l/os(//n/fKs ni Sima Leone. 


j'jxaininalion of flic malfiial Im*- •'iioun Hint tlia ^pLdc- called in Sierra 
Leone 1 ?/io(/rMci(sis ( lilac klotk and ILan^-, 102(), H\an-, 1927) dificrc from 
llie ‘'pccics of wliitli a de^ti iption i" frudi I)\ Cliii-loplua-' and Kliaran Cliand 
(1915) as A ) hodcsicin^is fiom Aiahia, etc , and which luis been tonsiclercd 
this species b^ a niinibei of aiithoi- m lv 4 \pt, Inch'i and cLcwhcie, in sc\cral 
inipoitant icsjiccts, notabh in the* chaiactci of the hdicl-'-calc- and in tlie 
piescnec of scales on the fiont of the me -onotnin, which is entnel} free from 
stales 111 the eastern foini \.t oni ucnust Mi LdwaicI- at the British Museum 
has ^el^ kintlh examined the t\|H oi I j /loc/c so nsis Theo fioin Rhodesia and 
he infoiins us th.it this lesenible-' the tsiciia Leone toini in the nbo\c respects 

The Siena TiCone spcde- would tlieie-toii aiipt ii, so fai as can be told at 
picscnt, to be the t\pe foiiii ol A j/coc/rsic nns .lud the c.i'tcin form is some 
othei ^allct^ oi spceic" C'aieful txaniinatioii shows ni.iin other elifferences 
than those mentioned ;ibo\e mil the lu\al elm.uteis aie eiuite distinct 
Fuithei the phaniigeal cli.u.iitd" aie '•o cntiitU dilleient m the two species 
(as will be seen fioni the dc'Ciiption'- nicl ilhisti.ition-) that theie can be no 
question of then being nieieh \ metal loim- .md the\ aie cleaily quite distinct 
species 

The collect name fen the specie- lioni cMstein localities appeals to be 
A dtliali Patton .1 dtliah was t.iken b% Patton .it Dthala, .it Sulek and .at 
Xobat Dakiin, fiom which l.ist mentioned loc.ihtc m.iteiial was latei obtained 
In C'hiistophcis and Kli.i/an Chanel Thiie .qiiicais no doubt from Patton’s 
dcsciiption that he wa- dealing with tint- species .mil it is ^el\ iinlikeh there 
could be anothci species with s^ich penihai featincs m the same loeallt^ 
Patton’s dcsciiption of the Ian a so fai ,is the points gnen aic coneeiiied .dso 
tallies, but the chaiactci s of the egg .n gnen b\ P.itton aic not in accoiilancc 
with those of the egg of this -peeics .i- dctcinimcd b> one of us (I 
fiom specimens taken .it .Lindola on the Noith-West Fiontici of Indm 
(Wa/!iiistan) The figuie of the egg gnen bx Patton and icpioduced by 
Edwmids (1921, p 268) has floats naiiow stunted full not continued 

ovei these (i e , has much the .ippcaiancc of the egg of A hogentii) whereas 
the egg as detei mined by us has no floats, but a continuous wide frill 

A full detailed dcsciiption of the adult chaiaetcis of A dthah^ lias aheady 
been given by Chiistopheis and Khazan Chanel (1915) and a full desciiphon 
of the laival chaiactcis will be shoitly published m a Memoii by one of us 
(I M P) dealing compiehensivch with the chaiacteis of Indian Anophehne 
larvae The hypopjgium of A dthab has been desciibed and figured 
A 1 hodesiensis) by Chiistopheis (1919) and later (as A ihodcsiensis) by 
Kiikpatiick (1925), wdiilst the pharyngeal chaiacteis have been dealt wntli (as 
A rhodensierms) by Smton and Covell (1927) and Baiiaud and Coyell (19 > 


*The usual spelling has been A d’ihah accoidmg to the appaientlv 
spelling the name of the locality But ns Patton goes the species name A dlhaii 
IS moie coirctt as veil is nioic coinenicnt iiid we h.i\e followed this spelling 
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1929) Bej'ond a few special lemaiks tlieiefoie further desciiption here of 
this species is unnecessai}' 

Regal ding A ihodesiensis, howevci, thcie is no desciiption beyond 
Theobald’s original one in 1901 and a shoit desciiption bj^ Bedford (1928) 
Fuithei neithei tlie hvpop^gnlm, noi the pliaijngeal characters, nor the pleural 
hairs of the Ian a, liavc as ^et been desciibed Tn this case theiefore we give 
a full description of the species (adult and laiva) in the Appendix to this 
paper The egg is not knoun 

Difjeience’i bcfueen A ihodesiensis and A dthali 

A ihodc’^iensi’^ is a model ate sized to small lobiist, daik mosquito, the 
pale markings of uliicli aie pure white A dthah is a smaller, more delicate, 
biovmsh mosquito the pale inai kings of which aie not pure white 

Head-scale '^ — ^Tliese aic iiariow but more or less of ordinary type in 
A ihodesiensis, black oici the gi eater pait of the head and white at the top 
of the aertex the stnations extend about 2/3 down the scale* In A dthah 
the scales aie maikedly linear and lod-like, as much so as in A aitkemi, only 
the tip of the scale is expanded and the stnations extend at most a third, 
usually less, dow'n the scale The scales aie uniformly light browmish straw 
coloured ovei the whole head area (Cf Plate LXIII, figs 1 and 2) 

Female palpi — The maikings in A rhodesiensis are narrow' but very 
distinct and white, the apex is also often pale (not W'hite) In A dthah the 
palps are very inconspicuouslj' banded, often bands are difficult to make out at 
all, the apex is dark 

Mesoiiotum — This is charactensticallv shiny and bare m A dthah and 
scales are entirely absent In A ihodesiensis the thorax is not particularly 
smooth and shiny and there is a conspicuous tuft of thin w'hite erect scales in 
the middle line of the anterior promontory 

Wing — ^The general markings are very similar except that these are more 
black and white m A ihodesiensis In A rhodesiensis theie is almost alw'ays 
a W’hite spot (line of w'hite scales) near the base of vein 1, w'hilst m A dthali\ 
this area is either dark oi indefinite The scaling in A rhodesiensis is some- 
W'hat broader, maximum striation for squame scales about 7-8, as against 5-6 
for A dthah 

Legs — These are much blacker m A ihodesiensis w'lth practically no indi- 
cation whatever of pale markings at any of the joints In A dthah the legs 
are lighter coloured and theie is commonly some degree of lighter coloration 
at the apices of the femora and tibise 

Abdomen — ^In A dthah the abdomen is commonly very characteristic- 
blotched with black and lightei maikings and the hairs are noticeably light 


* In both species the head-scales are unusually long, about half again or twice as lone 
as in most other species ° 
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\n/rs on Anoplu'Uno ni Siri)(i Lrnnr 


specimen of 1 dHuth (Inhelled S I’ale-tine, Slmll.'ili, Oct 1022) Though 
thcie IS no pieMou'- lecoid tin- ‘'pccie- then tou nKo ocrur-^ in Palestine 
Co^ell (1027) e;ne'' ' 1 i liorh ucoidcd from Xorth-'\\ est Frontier 

PioMiiee Koh.it (Hinton 1017), Khujiin, Snidm, Mnita/ra .latta (Sinton, 
1022) Pia? 1 ((’ M H) .landohi, Kotkai ((’Uch), Pahirhi-taii Quetta, 
Lon Stieain (HioW'-e 1022) >pe( line m fioin all tliC'-i oh'encr' .and 
also fioin Col D.iaa'-. (^uctti, aic in the Ka-'iuh colkction and aie ,1 (Uhab 
.1 (Uhnh a\a‘' aPo taken h\ one of ti- tl M P ) and adutt- learcd trom the 
egg at Jandoln a^ii i-tan) 

Knkp.atiick’'^ leeoid- of * 1 i/ioc/c so as)', tmin lau'id it n cleai from his 
dc=ciiption=: iclate to 1 (Uhnh lie lecoid" thi'. specie-- from Ka-tcrn Sinai, 
inland and about 60 mile-' S !• of M \n-,h, \ i/ , .at Ko" iiin i Pd '\Io\\cilleh, 
Ain Gecleiiat and Ain Kadca-' in dl of uhnh loi ditie- it ua'^ abundant 

The jne^ent leeoided di-tiihntion ol t (Uhnh i- theiefore South Palestine, 
Rinai, I’ppei !Me«opotaini.i , Vdcai, Mu-cat, Bahnhi-tin, Warirntan, North- 
AVc«t Fiontiei PiOMiiee (India) The di-tiihution i- Middle Ea-t and maa 
piOMSionalh he (la«-ed a- Eastern Mediterranean 

[/hnitirs o( \ ihode-ien-i- Tina 

The idianngeal aiin.ituie of thi- ‘'peeie- c lo-eh le-enihle* that 'cen m 
gioup Xcotniizonn/m The eh.aiaotei- of the pleuial ban- of the Ian a do not, 
houcaci confoiin uith the \en maiked iieeuhaiitie- of tin- giouj) (all hairs 
-iinplc) and gcneialh ic^enihlc the aiiaimemcnt in gioup Mv-onujia but are 
exceptional in the -ainc inannci a- I scu/r/dii in liaMiig one long mesotlioiacic 
hail spaiseh featheicd .1 /n/i Theo hi-aiathei -imilii jdianngeal aiinatiiie 
and po<?sibh inaA not be moup Xcomiizomi/in a- placed in Ban and and 
Coa ell’s list Foi the pie^^ent I i/iodcairusn. nni-t be legaided a'^ a peculiai 
'species in gioup Myzomym 

A dthab appeals to be a t^l■)leal inembei of gioup Myzomym 
A (Myzomyia) tbeilen Enu \hd'- 

Laivffi of this specie'? ueic obtained in a '•eepage suainp at iNIabang m 
the Piotectoiate and adult'? bicd out All the '?pecnnens (4 9 and 3 <? ) 
showed the hind taisus with the fiist ''egment entneh daik oi amiy naiiowl}' 
white at the apex, the second '?egment uith about 1/6 of its length ulnte (m 
one male it was 1/8 and in anothei 1/5) and the last thicc segments all yhite 
(Plate LXIII, fig 4) The co'?tn in all cases had two pale mteiiuptions 
neai the base, an e\ten'?ive pale aiea on vein 1 opposite the stem of the 
anteiior foik uas present m 4 specimens, the stem of vein 2 and most of the 
uppei blanch was continuously pale in 4, largely daik in the others, yem 5 ^ 
m all had a model ate-'?ized black spot neai the base, vein 6 was iiianily dark 
in the outei half (eitliei a long continuous daik area oi two daik spots) in 
6 specimens, the lemainnig specimen having a daik spot only m the middle o 
the vein Plate LXIII, fig 3, gives a female wing taken at random 



S B Clu i'ffopho) atid I M Pk'ii 


1139 



Tr\T-FICURF 1 

Showing characters of teeth of pharjngeal ai mature — 

1 Isolated ‘cone,’ A dthah, a side Mew, b fiont Mew, F filament, P pediment 

2 Broken off filament ditto, anteiior and lateral Mews showing fimbriated extremity 

3 Isolated ‘rod,’ A dthah, a lateral, b antero-postenor view 

4 o side view of ‘ cone ’ of A theileri, b ditto of ‘ rod,’ c usual r lew seen of pharyngeal 

armature showing circular bases of oiigm of rods arising between pediments of the 
cones which project backwards in a keel-like fashion and give appearance as though 
of points of the cones In c the middle cone pediment shows spmes arising along 
the crest foreshortened and gning ‘striated’ effect, neither cones nor rods are 
leally seen as these pioject towards the observe! and aie out of focus Some 
modification of the abo\ c is commonly shown m Mj zom> la, etc , when, as is most 
usual, the pharyngeal plate is mounted on the flat Vide armature of A dthah, 
Plate LXIV, fig 2 

5 a side a lew of ‘ cone ’ of A gambite, showing filament (P) and pediment with crest 

of spmes and posteiior boss (P), b a ‘rod’ of ditto shown m situ behind ‘cone’, 
slightly oblique lateral Mew Vide also Plate LXIV, fig 3 
C Pharyngeal tooth of A i hodcsiensis, showing cusp on either side at base, spinose 

ciowm above this and fimbriated filament, a anterior, b lateral view A single 4,vpe 

of tooth only present arising in plane of pharjmgeal plate Vide also Plate LXIV 
fig 1 

7 Pharjmgeal tooth of A smithii I ide also Plate LX!!’, fig 4, 

All figures are camera lucida drawangs to same scale 

T, MR 


6 
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Notes on AnophrJinr Mo^qmtoe^ vi Siena Leone, 


Recently Edwaids (1929) has dcsciil)cd three vaiieties m addition to the 
type foim of this species These ma> be usefully synopticized in the accom- 
panying schema AVheic a blank is left the particular variety in question 
shows the opposite chaiactei to that noted at the head of the column, a cross 
indicating possession of the chaiactei 

Si/nopsis of vauehes of A theilcii Ediv 


A theilen type 
var brohxen 
var hancockt 
var ’xcydeh 
vai t 



*ie, m A ihcilen t^pe, vings c\tensnch -vellow (hipc aicn on ^cm 1 lbo^^ 

stem of uppei folk, stem of uppoi fork entirel 3 '’ Aellov and nl^o most of upper branch, 
dark spot at base of vein 5 small oi absent, \ein 6 vith tvo oi llnee small dark spots) 
01 m vai brohen, wing less e\tensi\elj vcllow (stem of uppei folk entnel} aellon, but 
yellow area on vein 1 less extensno, daik aioa at base of 5 longer, ^eln 6 mainU dark 
on apical half) In the othei tno vaiieties the ning is described as immh dark (one or 
two dark spots on stem of upper fork, \ein 5 with long black spot neai base, lein 6 maim 
oi entirelj" dark in outer half 

Tie, hind taisus without daik band, all the last thiee segments being continuous! 
white 

t Mabang specimens 

The wing chaiactei s of oui specimens might have fitted m with vai 
btohien, but this is not suppoited by the taisal ornamentation On 
chaiactei s these specimens Tvould come undei vai hancockt, but it is doubt 
how fai the wings can be distinguished as ‘laigely daik”' Foi the piesen 
theiefoie we have lecoided these specimens undei the species designation ony 
The Mabang specimens, howevei, cliff ei fiom the type oi T iansvaal foim 

♦Edwaids gives under this designation ‘one or two dark spots on stem of upper fort, 
fifth vein with long black spot near base, outer half of sixth rein mainly dark 
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described by Theobald (1911), Bedford (1929) and Edvfards (1929) m which 
theie IS an e\tia black band on the hmd tarsus and no pale interruptions near 
the base of the costa 





7 


2 3 


Te-vt-figure 2 




5 


Showing termination ot mandible with mandibular teeth of (1) A rhodesrensis , (2) A dthah, 
(3) A theden, (4) A smithii, and (5) A gambim All figures drawn to same scale, camera 
lucida with Zeiss obj 40 and eyepiece 15 and repioduced about half 


Adult characters 

The species was described by Theobald (1911) under the name of 
Pyietophonis alb^pes (nec A albtpes Theo , 1901) (A theilen nom nov, 
Edwards, 1912) and more recently by Bedford (1928) Some of its features 
aie also noted bj'- Evans (1927) and Edwards (1929) The presence of a 
prosteinal hair is noted by the last-mentioned author The female palps are 
moderately heteiodactylous, palpal indev 0 4 The anterior pronotal lobes 
(prothoracic lobes) are devoid of scale tufts The cerci m the female and 
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Knic'^ oil Aiwphehnc Ulosginlor^ ni Sima Leone 


coxites in the male aie \Mthout '-calrs The female Inpopygium is of the 
H?ual type, in‘=ula yith 7-8 haii'? on each ‘'irlc 

II\pop\ gium 

The male ll^pop^gIum docs not appeal to ha\e been described It is of 
the usual Myzoniyia t^pc, hmpciqo uith two laigc spmes, an apical spme about 
the same length as the nigaii excluding the (hib and a spme about 2/3 the 
length of this Ijing between it and the club, plinllo^inmr about \ the length of 
coxite excluding leaflets, with about 5 leaflets on each side, the longest about 
half the length of the oigan exeluding the leaflets, leaflets with usual fusifoim 
appcaiance when dlspla^ od as usiialh mounted, but (as eoinmonh the casein 
Anopheles) somewhat bioad, flattened and cliw—haped with some scirations 
on -cential edge when -een on the flat (Text-ngme 3, 91 

PhaiMigeal charieteis 

This species is not included in Smton aiul Co\ ell’s oi Ban and and Co\ ell’s 
lists The following aie the chief phanngeal eliaiaetei-' 

Doisal papillae (>, postciioi pan wideh sopaiated iioin the otheis, pig- 
mented aiea houi -glass shaped 

Oiigin of pharMigcal aiinatme model ateh com ex Phanngeal teeth 
consisting of two lows (lods and cones) without anteiiorh piojecting loots 
Cones consisting of filament and pediment,*' the filament nariow shglith cuned 
thoin-like, smooth and without spicules, jiediment naiiow kecl-hkc, set with 
nuineious fine shaip spmes along ciest, eicst using giadualh to base of fik- 
ment Rods somewhat shoitci than cones, nsmg fioin expanded o\al basal 
aieas, with bulbous base and tapciing cxtlemlt^, smooth, without spicules oi 
bifuications {vide Text-figuic 1, p 

Phaivngeal iidges niimeious, shoit, each with 3-4 model ateh de^ eloped 
spines 

INIanchbles and maxillre 

Mandibles with about 24 teeth (Tcxt-figuie 2, .9) , maxillfc with 11 teeth 

Laival chaiacteis 

A numbei of the laival chaiacteis have been described by Blacklock and 
Evans (1925) A full desciiption is, liowevei, gnon in the appendix to this 
paper, including desciiption of the, as yet undesciibed, pleiual bans wdiich are 
of gioup Myzomyia chaiactei The pupa has been desciibed by Ingram an 
de Meillon (1929) 

* A bather desciiption of the stuicUue of the phni 3 ngonl teeth in Anopheles will 
be given bj' one of us (SRC) The ‘cones’ usuallv Im e ^ backwardb' projecting 
flange oi luddei-like basal extension aimed with spmes along its crest {■pediment), 
apical pi elongation of the tooth is the filament tVlien Mewed as the buccal 
ordinarily mounted the filaments in many species he moie oi less directed towards 
observer and are only seen in optical section on focusing AYhat may 
filament ii») the crest of the pediment looked down upon The condition wall be clear 
the drawings and explanations oi Text-figme 1 
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Showing phallosome and harpago of (1) A rhodesiensis, (2) A dthah, (3) A theilen, 
(4) A gambiCB, (5) A smithn, also (6) parabasal spines of A smitlm with short inner and 
thin middle hair of upper row The two hair bases on the nght hand side are outhers of the 
vestitural hairs on the outer aspect of the coxite 
Camera lucida drawings to same scale 
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Noics on Anophehne Blosqinfocs in Ski hi Leone. 


Di'^iiibution 

This IS t 3 'picnll-\ Ethio])ian [Tian‘-\.‘ial, I^atal fZnluland) , Belgian Congo, 
Uganda, Nigciia, Gold Coa-=l, Siena Leone] 

Aj]\mhci> of A tlieilcii - 

Tliougli the hind tai-^i aie tipped with white a‘- i" ^el\ usual m the 
NeoccUui gioup, a single jnojilciiial Iiaii i-' luc^ent, and the lan.il chaiactcis 
as ‘^liown In the plciiial liaii« aic tho-c of gioup Mnzomym [vide icf by 
EelwauL (1929) to pm ate eoiiiiminieation b\ one of U" on thn subject] 

A. (Myzomyia) gambise Ctinrs 

This species was found bi ceding in \aiiou& jilacc" aiouiid Eiectown 

Adult ehaiaiteit 

IMain dcsciiptioiis of this sjjccic" exist, the ino-'t detailed desciiption of 
the adult chaiactci^^ 1 =: that b^ Clnistojihei' and Khazan Chand (1915) The 
female palin aic lathei Olthodact^ lou< The antciioi jnonotal lobes cain scale 
tuft '5 

IL pop\ giuin 

The male Inpop-sgium has been dc'tiibcd .iiul figuicd In Chii&toplieis 
(1915) A fuitlici diawing of the haipago and jihnllo^ome i*- gnen m Text- 
figuie 3 4 

Phaijngcal chaiactcie 

Tlie^sc liaAc been de«ciibcd bv Baiiaud and Co\ell (1928) The following 
IS a moie detailed desciiption of the phanngeal teeth 

Phaijmgeal teeth foiming two low" (lods and coiie^) the lods shoitei 
than the cone« Cones with filament and pediment filament laigc flat, bluntly 
tapeimg, aimed lateiallj and on suifaccs with spicules, ])cdimcnts tciininatiug 
posteiioily m a lounded boss, the spmcs of the cicst pa'jsmg well loiind base of 
filament anteiioily Pods conical, using fiom bioad ciiculai base witli one oi 
tw^o spicules, the apical poitioii iiauow lod-like, the whole a little nioie than 
half the length of cone Fiom the ba‘^c of the cones tlieic extend deep!} into 
the substance of the haid palate appaiently hollow bullous extensions (vide 
Plate LXIII, fig 3, and Text-figuie 1, 5 

Alaiidibles and maxillae 

Mandibles wutli about 30 teeth (Tcxt-figuic 2, J) , maxillae with about 10 
teeth 

Laival chaiacteis 

These have been desciibed shoitlx’’ by Hill and Haydon (1907) and a 
numbei of the laival featuies hax^e lecently been figuied by Blacklock an 
Evans (1926) and Evans (1927) as w'-ell as vaiious lefei dices by othei authors 
(vide bibliography at end of papei) A full desciiption of the Ian a is, bow^ 
evei, given in the appendix wdiich includes for the fiist time the chaiacteio o 
the impoitant pleuial bans The pupa has been desciibcd by Bacot (191 ) 
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In then anangcment and blanching the pleural bans of A gambits 
resemble those of gioiip Myzomxjia le, piothoiacic, 2 long simple and 1 long 
feathered, mcsothoracic, 2 long simple, metathoiacic, 1 long simple, 1 long 
fcatheied But these haiis show a inaiked Pseiidomyzomyia chaiacter in 
the presence of a laige sharp spine on the basal tubeicle of the mesothoiacic 
hails aiising from the innei side (Plate LXV, fig 4) The laival character 
furthei resemble those of Pseiidomyzomyia in that the vaiious bans on the 
body have compai atively few blanches, and they also lesemble Pseiidomyzomyia 
and diffei from Myzomyia in lespect to the veiy small size of the teigal plates 
and the absence of a diffeientiated metathoiacic palmate han 

The egg of this species has been desCiibed by Annet, Dutton and Elliot 
(1900), and, undei the name of A aiabiensi^, by Patton (1905) Patton’s 
drawing is lepioduced by Edwaids (1921) It is of a type somewhat 
lesemblmg the egg of A ciilicijacies, with a naiiow iippei deck and floats not 
quite touching the full 

Distiibution 

A gambice has been recoided*' fiom numeious localities thioughout tropical 
and south Africa as far south as Isipmgo (south of Duiban, Natal, 30° S), 
Viybuig (British Bechuanaland, 27° S) and Pianzfontein (South-West Africa) 
and as fai noith as Gaia Sabo (Mauiitama), Dagana (noithein boundary of 
Senegal, 17° N), Katagum (Noithein Nigeria, 12° N) and Khartoum, 16° N 
The species also occius in Madagascai, Mauiitius and Reunion It occurs also 
in the Aden Hinterland (S W Arabia, 13° N ) but has not yet been recoided 
fiom Egypt or S E Aiabia (Muscat) The known area of distiibution may 
therefore be roughly given as Afiica and laigei Islands and including the 
S W coinei of Arabia between 30° S and 17° N 

A specimen, how'evei, of A gambice is in the Pans Museum with locality 
Algeiia [vide Edwards, 1921, p 278, Seguy, 1924, p 163) and the species has 
lecently been lecorded fiom Asia Minoi (Hakki, Rev Med et Hyg Tiop , 
19, p 8, lef Rev App Ent , 15, p 80, 1927), fiom Rio Giande do Norte, 
Brazilf (da Costa Lima, Science, 71, p 435, 1930, lef Rev App Ent, 18, 
p 150, 1930) and a single female fiom noithein Gieece (Seguy, Encyc , Ent, 
Ser B , Dipt , 5, p 177, 1929, ref Rei App Ent , 18, p 161, 1930) Presum- 
ably these are lecent importations and not in the noimal aiea of distiibution 

Affinities of A gambise Giles 

The adult cliaiacters, especially the presence of a prothoracic tuft, are not 
suggestive of group Myzomm, and the presence of a prosternal hair appears 
to exclude Neocellia, on the whole the adult characters conform most closely 
to Pseiidomyzomyia in which group this species w^as placed by Christophers 
(1924) This location leceives stiong confirmation from the phar 3 aigeal 

* Vide Bedford (1928) and Kumm (1929) 

t This IS about the nearest part of South Amenca to West Africa 
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Xoicb on Anoplichnc Mosifnilocs ni Siena Leone 


tlj.ujiclt'i" and though tlio lai\al diiuju (ci*- an anihmuou- the\ aKo a 
nunibci of Pscudoinironn/Kt a(hnilu*‘' 

A (Myzomyia) funcstus Giia 

It ^Na^- (h^a])j)oin(ing that onh a »ingle ‘•luaiincn of this ‘•pccic^, one of 
the ica^on^ foi MMtmg Siena Leone, \\a'' obtained, nio'-t ol the likeh biccding- 
place^ Jieing in ''pate due to llea^^ lain Di"(n'"'ion ol tlie '•pecic^ nitli especial 
iclation to allied Indian foinn mil tliiiefoie be nioit '•nitabh dealt mtli clsc- 
iilieic, it 1 '' hojicd ^hoith, b\ us 

A (Myzomyia) freetowncnsis E\ vn*' 

A single '^peeiincn onh ol a ''pecie- piomionalh identified .n d mmshallu 
' Thco na^ taken as .i inijia in a pool b\ the "ide of a ioek\ ii\ci in flood 
(Kiss\ budge) On ex.uniiiatioii it ■showed all the diaiacteis of ^al fieetoiun- 
ensis E\ans A*- the lanal diaiaetei- h.ne been '•liomi to be quite distinct 
b}’’ E^an< fioin tliO'C of A inaK^IuiUn and .i" the adult ehaiactcis aic diftcicnt 
it nould ''ecin that tlm '■hould be legaided .n a >-])eeie' lathci than a \aiiet\ 
The accoinpaiiMiig ‘^^noJ)tl( di-'tiad of (hai.ietei- of the different 
A ma I shalbi -hkc foiim iceognired up to the pie^ent, ba^cd on a stuch of the 
liteiatino and aho c\ainination of teitain of the l\pe "peciinem b^ one of iis, 
maA be useful A bibliogiaplu of the dificient foinn i*- gi\en at the end of 
this papci 

A (Myzomyia) smithii Tiiio 1905 
Nunieious lame of this s])ccies neie obtained fioin a pool undei an over- 
hanging lock on Nicolk Biook. one of the bieeding-jilaces lefericd to bv 
Blacklock and E^ans (1906) 

Adult cliaiattei" 

The female has been de^ciibed bj Theobald tl905, 1907) and the male by 
the same authoi as FdtinoUa palbdopalpi in 1907 Rcinaik'^ on the species 
aie gnen bv Chiistophci ^ (1924) and E\ans (1926, 1927) ‘the last-mentioned 
autlioi noting the gieat diffeicnce in the degiee of mng oinaincntation in the 
male and female The follomng aic additional oi impoitaiit chaiacteis 

Antenna of female mth toius devoid of scales and (as noted bv Theobald) 
segment 2 with outstanding scalc'^ (daik) Palpi of female lathei cjdiiidiical 
and thick towaids tip, the ''egnients commencing with the ludiineiitaiv’^ basal 
segment measuiing 5, 30, 41, 15 and 9 pei cent of the whole oigan lespectively, 
palpal index 0 59 Palpi of male extensnely golden vellow on both segnient- 
of club and at 2-3 (le, as m highlv oinamcnted species, not as one might 
c\][vect m a specres piimaiilv poorly ornamented) Head-scales -of usual type 
wdtlr about- 13 striations 

Anteiior pionotal lobes (piothoiacic lobes) with inaiked scale tuft (as 
noted by Theobald), piopleuial haii 1 long, stout Alesonotuin daik vnth 
tomentose effects, with clnetje only except antciioily vvheie theie is a median 
tuft on anteiioi pioinontoij^ of pale naiiow' ciect scales and some daik eiec 
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T.3at; 

apid nBij} jsijoqs :)Bij\\auios 
Xpio sdjnd oiBuiDj no spncq 
irDidB ajnd nasM'jaq pm,q qjcci 

+ + 

sjods 

XjossaDDB qanp Dii") -^on— qinp 
ifjpa^dnwajninn Bjsoa jo asug 

+ + 

9 niOA ijods aSuuj o^ 

+ 

X niav no noqdnJiaxni qjiM. 
BXSOD no xods "x-nip iroidnaij 

q- c- + 

qjLp ni,i[x 
jaxnaoS jo o; pinba ‘a iisna}\a 
iqBoa JO \adt! man suaii, ajcj 

+ + + 

niimisimii y 
uTiq; aapcojq sapios Sai^^V 

+ + 

Aiomn g/g 0 ] jpiq jouajsod 
no jBqj xnq ptojq jjcq 
JouajnB no Saqtas jiqonosai.q 

+ 

ptojq XpDnqsip jpiq 
jouajnt! no Snqiios jujonosaj^ 

+ + + 

A\opaA 

-Ciav X tita\ pne tpsoa no 
sSniqjcui ajcd ‘ajuniui i,}soo 
no qods qjnp jiioidTJ ‘jnasqi, 
\adt; jc aSuuj no jods qinQ 

+ 

jjoqs 

Bjsoa no xods qjup pjoidu 
-ajd ‘papnoqnn Ajaaijua isjbj, 

+ 

9 ntaA oj pjsBq jods 
aSnijj Y sjnani3as auios f/\ 
aq Xbui sSaj jnojj no ‘s3a[ 

[pj no ptjoiq Snipnuq ibsjbx 

+ 3 

majB f/x uuqx 
ajoui g niav asuq jb nan; 
qjcp ‘ (Snipncq jnscq pnc 
jCDidt!) sjnior jtJsjTij pniq inoj 
XSi,[ JO sasnq xi- sSnu apqAV 

T 


eo ^ 

51 60 \ 

c ^ 

S S c g o ^ g 

S § 5 § & i ^ J 

£~t352‘5 2 


(a) Front tarsi in this species rather broadly banded 

Where a space is left blank the species does not show this particular character 
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scales latcinlh , chrelrr tlaik and ^\el! dc\ eloped notably anteriorly on the 
lateial poition^: of anteiioi pioinonton Spinuidai hair-' 3, prcalai liairc 
absent, ‘^teinoiilcuial, low of 3 in uppei and 5 in louci gioiip, uppei 
incsepiincial liaii-^ 2 

IVing yitli ba-e to ‘'iibco-lal juntlion 0 02, anteiioi foiked cell 0 26 and 
po-'teiioi foiked cell 0 14 of ^^holc oigau iC'-pcctueU , foiked cell indc\ 18 
Scale-^ of ying in genoial cliauutei ()\al and entiie, truncated scales limited 
to basal pait of AMiig and e\en tlien not f on'-piciiou- Scale^^ bioad, ina\inniin 
stiiation 9-10 

CovtC dc^old of scales, (ii^t tun limit ci- with ‘-calcs and liair', 2 and 3 nith 
bans only Lcg^ iinifoiinh dnik ‘■caled yitli faiiK di-tnict knee spots at ends 
of feinoia and tibia? IMale unguc=: of u-^ual {^pe 

Abdomen nitli daik bail" CoxitC" in male and ccici in female nith 
ninneioiis ‘scalc" Female In iiop\ gium of ii'^iial t\pc, the insula nitb about 
6 bans on each ‘jkIc 


lI\pop> gium 

The Inpopyguim i-^ lefciicd to In Cbii-'topbei'? (19241 and figiiicd 
Evans (1926) It is of Myzomina t\pc in gcneial Pmaba^^nl <fpine'^ 5, of the 
mo'st anteiioi ion of tliiee bans the ninci is ^clv slioit and stout aiising fioni 
a moie oi less distinct lobe-like eminence on the co\ite, the middle hair is 
slendei (depicted so in jMisj; E\an’s drawing) and the outei ban of usual 
type, tbeie aie no small accesson bans on innei aspect of co\itc but one oi 
two vestituial bans on the outci aspect come neai the gioup and if turned 
inwards may appeal almost a® additional bans llarpago of usual Myzovm 
type about length of coxite, with club and smglc laigc apical ban slightlj 
longei than club, some latbci well dcyclopcd small spines on innci aspect 
Phallosome model ateh "tiaiglit, about \ length of coxite, cam mg 3 leaflets on 
each side, one laige about length whole oigan, the otbei about half length 
of this and a minute thud spicule, the laige leaflets bioad, flat, claw -shaped, 
toothed on yential edge (Text-figinc 3, 5) 

Phai > ngcal chai actci s 

Doisal papilla? 6, pobtciioi pan widely sepaiated fiom otheis, pigmented 
aiea houi -glass shaped 

Oiigin of phaiyngeal aimatuie concave Phaiyngcal teeth 5, 3 veiy 
bioad, shoit, projecting in same line as phaiyngeal plate, with conspicuous 
semilunai bulla at base and tiuncated, spiny oi niegulai fimbriated extremity) 
one smaller less developed tooth on each side of these Teeth aie separate 
by wide intervals foinnng a single low without any indication of rod and cone 
effect, etc , and aie of the Neoviyzomyia gioup type of Sinton and Cove 
(1927) and Bairaud and Covell (1928, 1929) {vide Plate LXIV, fig » 
and Text-figuie 1, 7) 
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IMandibles and maxillse 

IMandibles ^Mth about 25 teeth (Text-figuie 2, 4), maxillse with 16 teeth, 
12 of these at least laigc and easily counted 

Lanai chaiacters 

A nuinbei of the chaiacteis ha\e been described bj Blacklock and Evans 
(1926), but a systematic desciiption of the lal^a is given m the appendix and 
the pleuial bans desciibcd All aie “^iniple as in subgenus Anopheles, le, this 
species on larval chaiacteis (excluding the possibility of subgenus Anopheles 
as cleaily shonn by the hypopygial chaiacteis, etc) belongs to gioup Neoniy- 
zomyia to iihich the phaiymgeal chaiacteis also confoim 

Distnbution 

Up to the piesent noted only fiom Siena Leone 
Affi^mties of A smithii Theo 

A smithii IS cleaily anotliei Afiican Neomyzomym, the othei Afiican 
niembeis of vliicli gioup aie all Tiansvaal oi East African foims This is the 
most iiesterly outliei of this gioup nliicli except in the Austialasian and eastern 
Oriental legion may be consideied, conipaied to othei gioups, as appioaching 
a palseogenic distribution 


Summary 

1 A ihodesiensis and A dthali The species fiom Aiabia, N 'W India, 
etc , up to now recorded as A i hodesiensis Theo is a distinct species A dthali 
Patton, the distnbution of the tno species being lespectnely Ethiopian and 
Eastern IMediteiianean Points of distinction betneen the tno species are 
given and the distnbution of each dealt with In the appendix is a complete 
desciiption of A 1 hodesiensis Theo, including liypopy^gial and pharyngeal 
chaiacters and pleuial bans of the laiva, none of which characteis have as yet 
been described by any author, all previous de^ci iptions relating to A dthali 
Patton A dthali is typical gioup Myzomyia, but the pharyngeal and larval 
characters of A i hodesiensis aie pecuhai and related respectively to the aber- 
rant species A nih and A seigentii 

2 A theileri — ^The specimens taken in the Piotectoiate do not conform 
to any^ of the vaiietal forms named by Edwards, a synopsis of which is given 
The, as y^et undescribed, hypopygial and pharyngeal chaiacters of this species 
are now given and m the appendix is a complete desciiption of the laiva 
including the, as yet undesciibed, pleural hairs of this species A theilen m 
all but the high Neocelha-hhe ornamentation confoims to group Myzomyia 

3 A gambice — ^The phaiymgeal characteis and pleural bans of the larva 
aie desciibed, tire formei with fuither information regarding the actual 
structure of the phaiyngeal teeth The pharyngeal characters are those of 
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gioup Pseuchmyzomnut \Mlh a miinboi of tlic lanal cliaractcii agiee, 

but the actual blanching of the plcuial bail" i" that ‘■ctn in group Myzomym 

4 A j) eeloivncim ^ — A "Miop-i" of A nun sh(ill}i-\i\\{ foiin« i« guen 
Uiigelv b.i'secl on the woik of hAaii" but ako on ob"Oi\ation‘' of tjpes, 
etc j b^ one of the autlioi" On the data a\ailable, notabh the Inivnl cliarac- 
teis, \ai ficetou'ucnsi^ i" gnen a" a "peiiC" 

5 A inncshis — Di"cu‘-sion of thi" "pe(ie« i" iio'liioncd 

b A bnuthn — Some new iioint" aie gnen about tin- ‘'pcciC', including the 
phaiMigcal chaiactei" and de-ciiption of the pleuial haii" of the lar\a The 
phaijngcal and lanal chaiactei" deaih show thi" "]icrie" to be a further 
Afiican Neomyzomijm a giouji whidi "hoW" a conipaiati\ch iialfcogenic t}pe 
of distiibution 

7 A bibhogiajiln toi e<ith of the "pei le- dealt with is gi\cn 

8 In the appendix aie gnen destiiptioiis of 1 i hodc‘<icusis (adult and 
laiva) and of the full-giown lana of A fhciloi Edw , 1 (jiimbm Giles and 
A smitlm Theo , including in each (a«c a dcsciiption of the iilcuial bans 


1'.I1}LIUC.H \Pin 


1 ( M i / zoinyio ) ihoili Jliiolnld 


Thlobald, F V 
Giles, G M 
Theobald F V 
Blanchabd R 
Theobald, F V 
Idem 

Edw ARDS, F 
AVood, J \ 

Entom Hi ports 
Ingram A 
lHOMSO^, J G 
\nderson, T F 
Evans, A M 
Blacklock, D B 
St mbs, C B 

Someren, V G L \A^, aud 
Boer, H S de 

Blacklock, D B , md Eaans, 
A M 


Mono Cut, 1» p ISl 1901 (dese adult) 

Handbook, 2 Ed )> 12I, 1902 ihul 

Mono Cul , 3, J) 3") 190J 
I,c« Mouctiquc' }) Ikl 190*> ibid 

Mono Cul, 5, ]) 2b, 1910 

Pt Itc}) Dn It/ V h AJitai, p 237. 1911 

Bull Enl Hfs 3, p 2IS, 1912 
A nil Rej) Mid Dipl , Bleu a Lcoiu , loi 1911, 1915 
Ibid 

Hcpl Aiiiii hub jot i/cai 1910, 1917 

Loud Bell Tiop Med Res Mem Set , No 6, p US, 1921 

Kcnijii Med Join , Suppl I, p 3, 1921 

Anil Tiop Med and Pin , 19, p 120, 1925 

Ann Med and San Ripl'i for 1924 pp Gl-GS, 1925 

Rep Med Res Lab Kenya }oi 1925, 192G 

Kenya Meel Join , 2, No 10, pp 275-298, 192G 

Ann Tiop Med and Par, 20, p 59, 192G (dose lana) 


Evans, A M 
Ledson, H S 

Ingram, A, and di Miillon, 
B 

Bedford, G A H 

Mfillon, B de 
Anderson, T F 


Liveip Sell Tiop Med Mem (Now Sci ), 

No 3, p 25, 1927 ibul 
S Ah Join Sci, 24, pp 424-S, 1927 
Piibl S Afi Inst Med Rcs,Ko XXII (A''ol lAO, PP 
1927, md Ibid, No XXIII (A^ol lAO, PP S3-170, 1929 
13 and U Repls Dn Vet Res , U S Afuca, Part II, P 919> 
1928 (desc adult) 

S Afi Join Sci , 25, pp 31G-324, 1928 

Kenya and E Afi Med Join , 6, No 1, PP 2-11, 1929 
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Patton, W S 

Thfobmd, F V 
CuRi'^TOPiirns nnd 
Ch^nd 


Kh\7an 


{Myzomyia) dlhah Pattou 

Jour Bomb Nat Htsl Soc , 1 G, p 627, 1905 (adult, larva 
and ? egg) 

Mono Cul , B, p 20, 1910 

Ind Jour Med Jtc’t , 3, p 182 1915 (a=! A thodeswnsis) 


ClIRlSTOPHFRS S I? 

Ibid , 

3, p 392, 1915 (ha-pop ) 

ibid 

Idem 

Ibid , 

p 476 1916 

ibid 

Gut C a 

Ibid , 

p 209, 1916 

ibid 

Edw ^rds F W 

Bull Ent Res, 12, p 

268, (? egg), 278, 1921 

ibid 

Christophfrs and Shortt 

Ind Jour Med Res , 

8, p 519, 1921 

ibid 

Christophers, S H 

Ibid , 

7, p 710, 1920 

ibid 

Idem 

Rept Pioc Ath Entom Meeting at Piisa, 1921, 




p 206, 1921 

ibid 

Idem 

Ind Med Res Menioiis, No 3 p 45 1924 (m pait) 

ibid 


'^rcuT E 

IVniKPATRICK T W 
C 0\ FLL G 
Idem 

Sin TON and Co\rri 
Bxrratto and Cowell 
Idem 

Puri, I M 
Martini, E 

Christophers and Puni 
Puri, I M 


Mou<tt dc VAfi Mm ,ctc,x> 125 221, 1924 (m part) ibid 
Moiq of Egypt, p 53, 172, 1925 (adult, hvpop , larva) ibid 
Ind Med Ra Memoiri, No 5, p 6 1927 (distnbu1ion)?fa7f/ 
Ibid , No 7, p 74, 1927 (m part) 

(Malar trs ) ibid 

Ind low Med i?es, 15, p 303 1927 (buc-ph) ibid 

Ibid, p 674, 1928 (buc-ph) ibid 

Trniui 7th Cong F E A T M , 3, p 101, 1929 

(buc -ph ) ibid 

hid Jour Med Res, 16, p 522, 1928 (lnr\a) ibid 

Culieidaj, irv Lindner, L 40, p 183, 1930 ibid 

Ind Jour Med Res, 19, p 1133, 1931 (sanonomv) 

Ind Med Res Mcmoiis, No 21 1931 (In Press) (lan'a) 


A 

Theob>ild, V V 

Gough, L H 
Fdavards, F W 
CoNNAL, A , and Goghill, 
H S 

Edi\ards, F W 
BijAcklock D B , and E\ans, 
A M 

Eians, a M 
Schwetz, J 

Ingram, A , and de Meillon, 
B 

Fd-wards, F W 


{Myzomyia) theilen Edwards 

1st Repl Dir 1 et Res, V S Ajr , p 243, 1911 (as Pyreto- 
phoius albipes) 

In Theobald, Ibid , p 250, 1911 (as species) 

Bull Ent i?cs,3, p 247,1912 

Rept Med Res Inst foi 1916, Lagos, Nigeria, pp 26-28, 
1918 

Bull Ent Res, 17, p 126, 1926 

Ann Tiop Med and Par, 20, pp 59-84, 1926 (lan’^a) 

Liverp Sell Trap Med Mem (New Ser), No 3, p 47, 
1927 

Bull Soc Path Exot , 20, pp 176, 183, 1927 
Publ S Afr Inst Med i?cs. No XXII (Vol IV), pp 1-81, 
1927, and XXHI (Vol IV), pp 83-170, 1929 (pupa) 

Bull Ent Res, 20, p 322, 1929 (varieties) 


A {Myzomyia) gambice Giles 

The following are the more important papers giving systematic data 
Theobald, F V Mono Cul,1,p 157, 1901 (as A costalis Loew) 

An'net, H E, Dutton J E, Liverp Sch Trap Med Mem 
and Elliott J H III, Part I, p 35, 1900 (egg) and 

Mem , R'’, Part II, p 84, 1901 
(pharjTiN, etc ) 

Handbook, 2 Ed , p 511, 1902 {tyid 


Giles, G M 
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Noirs 0}} A))opl\rh))p ^^osq}|l{n^f^ ni iS'/rnr/ Loo)\p 


Domtz, 

Tnion\tn F V 
I^LVNCHAIID F 
P \TTON R 

Hili F 'inrl 11 don, L O 
Tiiroiuin, F 1 
Wp'sciir IV 
Tiifoumd F V 
Fdm MID'S, r V 
Idem 

Ciini'sTorurn':, S P md 
Kiu7\n Ciivnd 
C nniSTOPUFR's F P 
B \roT A W 

iNGRAAr, ‘V find Magfif 
T IV R 
Ingram A 

MAx<'-nFiD-‘VDrn's IV 
CHRI''TOPHFn'l P P 

Edavards F V 

Enderlein, G 
Christophfr's P R 

MacGregor M E 
Blacklock D B, md Eaans, 
A M 

Evans A M 

MacGrfgor, M E 
Sa mes, C B 
CoTOLL, G 

Barraud, P J ond Coafu,, G 
Idem 

Bedford, G A H 
Kumji, H W 


Znl^ j Ilyn A1, pj) 70 77 1002 (o'? A oiacdt^ and 
A mnii'-) 

Mono Ctd, 3, p 7l p 7(> (\ ir m/hiA, 1003 (n'-A coslah^) 


Lg'- Moti*-lK|iif '• ]) I, SO lOOl il)id 

loin Horn A«/ IIiil Sni 16, p 021 lOOl (ndiilt, lana and 
rpc) ( i" ! iiinhii inn) 

\)iii \ntfd Mii’i, 1, p ni 1007 (liirA i) («'• A codnln) 
Mono C id 4, ]> 7I 1007, B, p dO lOlO ibid 

fhdl I III /iV‘:,1,p 20 lOlOdmn pupa) diid 

I'/ Iti /it Dll Rev I ,s l/r, j) 23S lOll dud 
Ihdl I III Rri 3, p 217 1012 ibid 

Pud p 371 1012 (hnn) ibid 

hid Join Med Rri 3, p 102 101', dulitll) ibid 

hid Join \h d Ri’^ 3,], 303, 101', (i\A pop ) ibid 

I gIIou r Goimn Fnl Prj,! for 1011-101', 

1 ) 1 10 1010 (pupa) ibid 
Bull Fid Re’: 8, pp 73-01 1017 flar\ i) ibid 

R(]il ieero lab jor yem 1010 pp S3-SG, 

1917 (kp\) ibid 

Bull Fill Re« 10, p ,330 1020 dud 

hid lour Med R<^ 7, pp 710-710 1020 

(disfr) dnd 

Bull Flit Re’: 12,], 20S (cpi: nftcr Patton), 

], 277 1021 ibid 

II leiiei Eiit, Ztf; , 38, pp 47-52 1921 ibid 

hid iMcd Rc« Memoii- Xo 3 i,p GO OS 1021 ('ostomatic 
iGAicion and kcA ) 

Repl Aiiop Afaiinliii‘1 j, IS 1024 (a^A codain) 

Anil 7’iop Med mid Prn 20, pp 50-SI ibid 

Liveip Bell Tiop Med Mem (Now Soi ), 

No 3 p 17, 1027 (adult and hr\a) ibid 
Mo'-quilo SunoA=: p 105 1927 ibid 


Kenya mid E A}i Med Join 4, No 9 p 2S1-G 1927 (kea) 
hid Med Rc’: Memoni, No 7 p 31, 1927 (Malm trans) 
hid foil! Med Prs, IB, p C75 102S (phann\) 

Tiaim 7lh Cony FEAT M 3. p 101, 1929 (plmunO 
13 and 14 Rept Dn Vet /?ts , f/ S A/i , Paif II, P 915, 192S 
Amc! tom of Tlyij Monop Sci No 10, p 36, 1929 
(diafiibution) 


Theobald, F V 
Giles, G M 
Theobald, F V 
Idem 

Gough, L H 
Edwards, F W 
Idem 


A {Myzomyia) marshalln Thoobald 

Mono Cul , 3, p 77 1903 
Rev Aiiop, p 35, 1904 

Mono Cul , B, p 41, 1910 (also as A pscudocoslahs) 
1st Rept Dn Vet Res,V S Afi , p 241, 1911 
Rept Gov Vet Baet , 190S-9, p 120, 1910 
Bull Ent Res, 3, p 244, 249, 1912 
Ibid, 6, p 364, 1916 
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A, 

J W S 
Idem 

Macfie, J W S 
In CRAM, A 
Ingram, A , 

J W S 
Zftek, I 
Fndfrleiv, G 
Ingram, A , 

T W S 

C IIKISTOPHFUS, 
Branden, F a 

L A AN 

Eaans, a M 
Idem 

Hoof, L a an 
Eaans, A M 


and MacfiEj 

and Macfif, 

and Mac Fir, 
S R 

d and Hoof, 


Ritchie, A H 
Mitchell, J A 

Leeson, H S 

Ingram, A , and Meiilon, B df 


Meillon, B de 
Bedford, G A H 


Btdl Ent Res, 8, p 75, 1917 (pupa) 

Ihid, 8, p 135, 1917 (larva) 

Repi Accra Lab foi 1916, pp 67-75, 1917 
Ibid, pp 83-86, 1917 

Bull Ent Res, 10, p 60, 1919 (Ian a) 

Ibid, 11, p 74, 1920 
Tl’ioier Ent Ztg , 38, pp 47-52, 1921 
Aji?i Tiop Med and Par, 18, pp 263-4, 1924 

Ind Med Res Memons, No 3, pp 52, 96, 1924 (systematic 
levision) 

Ann Soc Beige Med Tiop, 4, p 231, 1924 (var) 

Ann Trap Med and Pai , 19, p 213, 1925 
Ibid, 19, p 461, 1925 

Ann Boc Beige Med Trap , E, pp 79-91, 1925 
Liverp Sell Trap Med Mem (NeiA Ser ) No 3 p 320, 

1928 (lan'a) 

Tanganyika Terr Rept Dept Ague 1925-6, pp 33-36, 1927 
Dept Pitbl H, Rept for yeai 1925-6, U S Afr Ann Dept 
Ropt-s 1925-6, pp 164-171, 1927 
S Afr Jour Sci, 24, pp 424-8, 1927 
Piibl S Afr Inst Med Res, No XXII (Vol IV), pp 1-81, 

1927 and Ibid ,'KXn.l (Vol TV), pp 83-170, p 170 (larva), 

1929 

S Afr Jour Sci, 25, p 320, 1928 (larAa) 

13 and 14 Rept Dir Vet Res , U S Afr , Part II, p 923, 

1928 (adult) 


Evans, A M 
Idem 
Idem 


A inarshalln Aai mouchcti Eians 

Ann Trop Med and Par , 19, pp 211-213, 1925 
Livcip Sell Trop Med Mem (NeAvSer),No 3, p 38,1927 
A)!?i Tiop Med and Par, 23, p 415 (lan’-a and pupa), 
p 423 (hA'pop ), 1929 


Ea'ans, a M 
Idem 


A maishalln var hargreavesi Ei'ans 

Liverp Sell Trop Med Mem (NeAvSer),No 3, p 40,1927 
Ann Trop Med and Par, 23, p 420, 1929 (pupa) 


A (Myzomyia) freetownensis Earus 

Evans, A M Ann Trop Med and Par, 19, pp 461-4, 1925 

BL.ACEXOCK, D B, and Evans, Ibid, 20, pp 59-84, 1926 (larAa) 

A M 

Evans, A M Liverp Sch Tiop Med Mem (New Ser), No 3, p, 39, 1927 

Wew) Ann Trop Med and Par, 23, p 422, 1929 (hypop , pupa) 


4 (Myzomyia) domicolus Edwards 
Bull Ent Res, 6, p 363, 1916 

Ibid, 9, pp 325-332, 1919 


EdAA ARDS, F W 

Johnson, W B 





Nolcs oil Jnnphrlnio in Sinm hconc. 


Cnni'^TOi’itrus, ? Med t)wir-<, So 3 pp 33 % 1924 

F^\^s A M A)hi Trn/i Med and Par 19, p 213, 192') 

Blvcklock D R 'ind Kwn^- lf»d 20, i> 3S, 1920 

A M 

\ M Ijiinp Srh Imp Mfd M<in {Sew F'or), p 3S, 1927 


Fn^\AnDS, r W 
Idem 

Tnn\‘:nN W R 
F\\n‘; \ M 


(^ fl / znmtnn ) jlmumta 1 dwird-- 
Ihdl 1 ut II 2, p 112 1011 

Und 3, pp 211 2->0 1012 
llnd B, pp 32 'lO %12 1010 
Lunp Srh Trap Med Mem (Sew ?er) No 3 p 3S 1927 


TiiroTiMT) r V 
Idem 

FnA\ Anns F W 
Idem 

Cuni'^Tonirns R R 
F\ans a M 


Gilfs G M 
Idem 

Bi \xcH Ann R 
Thfobaid F Y 
Edaa Anns F W 
Christophfrs S R 
Evaks a M 
BrnroRD G A H 


I (Miizompin) aii\Ouii Tlinol) dd 
rnlom , 38, p 102 1903 
Mono (*ul 4, p 71 1007 nnd 5, p 30 1010 
Pall Pat I{(^ 2, p 113 1011 

Ihid , 2, pp 211 230 1012 

hid Med AVs Mniwii^, No 3 pp 33 00 1024 
Lneip Srh 1 lop Mrd Mem (Sew Per), So 3, p 30 1927 

1 (Myznmpm) pilihfnrdi Gilo- 
Pev Auop , p 31 1901 
/oil) Tinp Mrd 7, p 3G5 1001 
AfA Mou'-he/ue'' p 023 1003 
Mono Cnl 4, p 72 1907 nnd B, p 30 1010 
Bull Put Re^, 3, p 230 1012 
hid Med Rc^ Mrmnu'^. No 3 pp 52 90 1924 
Lneip Sch Trap Mrd Mem (Nrw Sor),No 3, p 36 1927 
13 mid 14 Repl Dir Vet Re^ h S Ajr , P 922 192S 


4 

Thfobald F V 
Idem 
Idem 

EdAA ARDS F 3V 

Christophfrs, R R 
Idem 

BiiACKXocK, D B nnd Evans, 
A M 

Evans, A M 
Idem 


(Myzomyia) imifhn Thcoh'ild 
Entom , 38, p 101 1905 

Mono Cul , 4, pp 3S 57 1007 (m part ns P palhdopalpO 
Ibid, B, pp 12 35, 1910 ^bid 

Bull Kill Rc '^ , 3, pp 24S 250, 1912 ibid 

Ann Tiop Med and Par , 7, pp 47, SS 1913 
hid Med Res Mcmotis No 3 pp 44 92, 1924 (s 5 stemntic 
po'filion nnd koA) 

Ann Tiop Med and Par, 20, pp 59-S4, 1926 (hnn) 

Ibid , 20, p 104, 1926 (adult, h'^'pop ) 

Liveip Sch Tiop Med Mem (Noaa Sei ), No 3, p 24, 
1927 (ndult, Ian a) 



APPENDIX 

A (Myzomyia) rhodesiensis Theobald 
Dcscnptton of adult 

Diagnostic points 

(1) Costa spotted but the -ninp-fipld ■nithout any pale markings 

(2) Head-scales black oi er the back of the occiput, a white spot on a ertex 

(3) Mesonotum nith some nhite scales foiming a tuft on the antenoi promontory 

Detailed description 
I'emale 

A moderate-sized Anopheline length of wing 2'7-3-5 mm General appearance dark, 
resembling A funestus 

Hcad-’icalc’i of oidinan’ Anopheline tjpe, umisiialh long (01 mm), naiTow and linear 
especially towards the sides of the head, but in centre more expanded, with about 12 easily 
counted yell-marked stnations, some reaching two-thuds oi moie down the length of the 
scale Scales confined to aiea aboae neck, black oaer greater part of scaled aiea but white 
on upper part of leitox, continued foiuaid thiough some small modified scales to a 
fairly dei eloped frontal tuft composed of the usual nhite elongated scales and chsetse 
Antenna including the tora without scales Palpi 17 of thorax, O^fiS of wing, the five segments 
commencing with the ludimentarv basal segment measuiing 5, 31, 37, 21 and 6 per cent 
lespectnely of the whole oigan Palpal index (73 NaiTow but distinct white bands, mainly 
apical, at 2-3 and 3-4, no pale band ati 4-5, the apex usually somewhat pale but not white 
or sharply demarcated as with other bands No scales on rudimentary first segment, the 
lest of the organ coi eied with appressed scales showing not above 7 stnations, the whole 
organ naiTow, smooth and cylindiical from base Labium dark scaled except labella 
Clypeus without scales 

Pronoial lobe'! with chaitac onlj Prosteinal hairs, one, shoit, stout Mesonotum not 
specially shiny, covered ratliei legulaily with dark and some thin lightei colouied chsetse 
haring the usual anangement, no scales of any kind except anterioily in the middle line 
on the anterior promontor 3 ' where theie is a cluster of white, nairow upstanding scales, 
somewhat rariable m extent and m bieadth of component scales No lateral scale tufts 
Pleurce deroid of scales Pre-alar haiis about 2, spiraciilai 2-3, upper mesepimeral about 
6, upper ind lowei sternopleural not more in each case than 3 oi 4 No spiraciilar hairs 

Wings average length in a good specimen 3'3 mm , about 27 of thorax Base to 
subcostal junction 0 55, antenoi forked cell 0f28, posteiior forked cell O'lO of the length of 
the whole wing Forked cell index 1 75 

Normally four moderate sized, about equal, pale aieas, about one-quarter extent of 
corresponding daik areas, on costa and first longitudinal, viz , apical, subapical, subcostal and 
sector Costa unbrokenlr daik from sector to base of wing (about 1/3 of length of wing), 
the first longitudinal, however, m this position with a white spot more or less extensive but 
usuallj occupying the middle third of this portion of the \ein, the inner daik third being the 
lemigium Siibcosta maiked as costa, joining costa at inner end of subcostal spot The 
remainder of wing including the fringe and border scales is quite devoid of pale markings 
but may show a few pale( scales m some cases at the cross-veins (Evans, 1927) In all our 
specimens the wing-field was uniformly dark The wing fringe is without pale markings 
J, MR ( 1165 ) 7 



1156 


.Vo/r*' 0)1 J)i(>i)li(’Ji)i(’ Mosquitoes lu Sioia Leone. 


follo\\ing upon the ipml jmlo siiot, hut iIiom h ii‘<u'ill\ ii d irkcr tnclip at tlic npo\ at 2'2 
to S'l St ding of tlic uing i' inodcralrh luiinw inuMinuin >-lrintion for sciniinr^ 7-8, for 
])lumc d)ont fi I In iilmnn •'Pilt' on llu b i*- d (lortion of torn 1 iro nolircablc for 

tiien Icngtli 

Corev de\oul ol ‘•c di Ml Irochnnhr^ ^utl) li ur' and '-nlns. I,og-, nniformlj thrk to 
bisP'- ^^ltll '-tircrh a li ui ol ligliltr iiiarkinu it apid' ol Uinori and tilnr Tarsus 
iinbindod Mnh uu(iu( of normal rhirttfor 

Abdomen ttilh ‘■rgmonN rntirfh do\oid of ‘-rairs C'crct with liairs onI\ Female 
hypopi/rjnim of u^ual Ano])lKlino (iniittct, iiiMila witli aliont 12 hairs on rach sido 

j\I do 

In gonoral a"; tlif' fornah Palpi 1 7 of thori\, Orfi of uini; tlir Top ‘•pgnipnts C 25, 37, 18 
and 13 ]idi pent ipspcttnpla of tlip uholp oigin 1 niforinU dirk ‘•lalpd p\cppt at the tip 
Minch I- indislincih jido \incal '■pginpiit- (dtil)) nirrou, lidifoiin 11 in;/ with tistial 
charactci^ of male wine b di to -nbto-^ld jiindion (T.iS anti nor lorkpd cpII 0‘23, posterior 
forked cell (713 of the length of tlu whole wnm Mali unf/ni ol u-nal tape Ibdomcii 
without sc dc= Coritci with some sedts (ow irtl- tht b do p\|pniall\ 

ITapopagid (hiiutii' (Iiat-fimiii 3 1) 

Paiabasal spines fi in numlipr aailli llu usu d subgi mis MnzomyKi clmracter and arrange- 
ment i p , 3 spinps of about tlip s.imp Ipngih ind rdlipr slmrt not apra modified avitli tapering 
points uising in a lino somewhat oblicuiela acro" the b isp of the coaitc, the inner rather 
moic hooked than the othpi«, a muth longer sioiitn and blade-like spine arising close to, 
distal and opposite the gap between the two outer spme- of the' first row its end broad and 
rather hooked and a fifth much the longe-t but thinner ind lespinbling a a'estitural hair of 
the coMte aiising somewhat distal and external to the list-mentioned h ur About 12 small 
accesson hairs distal to s]nnes on inuei aspect ol coxite llnrpaqo unilobar with the usual 
club aiising fiom dorsal boidei V stout spme, iboiit half again as long is the club arising 
fiom the apex of the organ and a smdiei thmnei hiiii about half it- length arising between 
the kaiger spine and the club The innei as])rct of the harpago without ana conspicuous 
deaelopment of small acccs'on bans Phallo'-omL modenteh str light and slender, when 
measured fiom roots to apex and excluding leiflets about half the length of the coxite, 
caii3ing about 5 leaflets on each side (he longest about half the length of the phallosome 
measured as above, the leaflets stout scon as fusifoim lods or if on flit, as shghth ciined 
flattened, claw-shaped blades with some sen itions on icntril edge Ninth teigite with 
triangular latoial poitions without piojecting pioccssos 

Pharjmgeal characters (Plate LXR tig I, and Text-figure 1, C) 

Doisal papillm 6, posterior pair widely sepaiated fiom otheis, pigmented aica houi-glcss 
shaped, lateral flanges of moderate si7c> -with two oi thice small indefinite teeth 

Line of oiigin of pliarjngeal ai mature onh nroderatclj com ex Phanngeal teeth 8, 
separated bj”- mtenmls, using at edge of haid palate, basal bulla large, clear, distinct, no 
extending into hard palate Filaments tapering flat, wath fimbiiatcd ends, on either si e 
at base a shoit, stout, blunt, tooth-likc pi ejection, that on outer side the larger except m 
case of middle tooth wdieie those on eitliei side arc equallj'- der eloped Abore this on 
posteiioi aspect of fil urient is a circlet of shaip spines Biicco-phai vngeal iidges witlioii , 
or with reij"^ short hairs 

Mandibles and maxillae 

Mandibles with about 80 teeth (Text-figure 2, ) , maxillae wath about 11 teeth 

Desoiption of the full-giown hnva 

Head , 

The head is golden blown in colour The usual spots are well developed and siirrorm e 
by a dark blown cloud w'hich is fairly extensive meiging the various spots into one ano ler 
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In some specimens the posterior region of the head is very dark with a large dark brown spot 
in front of it coloring most of the dorsum of the head Anterioi clypcal hairs with both 
pairs finelj frajcd having 4 to 7 lerj’ slendei minute branches often difEcult to see The 
inner anterior cljpeal hairs are comparatively slender, av length 023 mm , outer anterior 
hairs, ai length O' 12 mm, a\ cljpeal hair inde\ 053 Postenoi clypeal hairs always 
simple and a little longer than the outer anterior, av length O^IS These he external to 
inner anterior hairs, their distal end reaching a little beyond the bases of these Inner 
sutural iboiit as long as outer anterioi cljpeal and simple, outei sulural somewhat shortei, 
with 3-5 branches 

Antenna throughout brown m colour, bearing on inner surface of basal half a number 
of conspicuous spinous processes Antennal haii very short, simple, arising from the dorso- 
extemal surface at basal third of antenna The transparent cone-shaped piece at tip of 
antenna a tnfle shorter than the «mall fingei -shaped piece The terminal hair splits about 
its middle into 3-5 branches Mandibles with the pair of sensory hairs on the v entro-external 
surface minute and simple, arising far apart from each other Maxillary palp with the cone- 
shaped appendage at the tip about one and a half times as long as the single finger-shaped 
appendage which is a little shorter than the paired finger-shaped pieces Mentum fairly broad 
and bearing on each side of the median tooth a row of four teeth, three anterior ones of 
which are equidistant from each other whilst the fourth is placed a httle further back The 
anteriormost tooth in each row has a somewhat rounded end 

Thorax 

Dorsal suhmedian prothoracic hairs with the inner and middle hairs arising from well- 
defined chitinized basal tubercle®, both the hairs feathered, the inner with 16-24, the middle 
with 13-19 lateral branches, the outei hair aerj' short and simple Metathoracic palmate hair 
fairlj well developed, with 10-16 long lanceolate leaflets without a differentiated filament 

Pleural hairs with the arrangement of long hairs as in group Myzomyia (prothoracic 
2 simple, 1 feathered, mesothoracic 2 simple, metathoracic 1 feathered, 1 simple) except 
that one mesothoracic hair instead of being simple is sparsely feathered (as m A sergentii) 
Dorsal anterior prothoracic long feathered, the aentral long, simple, dorsal posterior 
prothoracic one-third length of the i entral anterior and bearing 4 lateral branches, the ventral 
long, simple Doisal anterior mesothoracic long sparselj^ feathered, ventral long, simple, 
dorsal posterior minute, simple the ^ entral short, slender, splitting distallj’^ into 2 branches 
Dorsal anterior metathoracic long and sparsely feathered, the ventral long and simple, dorsal 
posterior nunute and simple, the i entral short and slender splitting distally into 2 or 3 
branches The chitmous tubercles from which the pleural hairs anse are of moderate size 
except the one on the mesothorax vhich is rather small The flattened projection between 
the pairs of hairs on the prothorax is produced into a pomted spme, those on the other 
two segments poorly developed ‘ 

Abdomen 

Hair No 1 is transformed into a palmate hair on segments I-VII, that on segment I is 
not so well developed as on the segments following and has only 8-11 leaflets with the 
filaments poorly de\ eloped The othei palmate hairs are well developed and bear 15-17 
leaflets on segments II and VII 17-20 on segments III-V and 16-19 on segment VI The 
blades of the leaflets are more or less umformlj' coloured except m the distal third in 
which they are much lighter The filament of the leaflet is differentiated, but the serrations 
at the shoulder are not very deep and in some cases very few m number, the filament 
consequently i arjung very greatly m its width at the base The average length of the blade 
IS COeS mm and that of the filament 0024 mm, aierage ratio between length of blade 
and filament O'OI 

Lateral hair long on segments W-VI with 5 or 6 branches on segment IV and with 
4 or 5 on segments V and VI , on segment VH % erj^ short with 4-5 branches Post-spiracular 



Showing detailed ch^etotaxy of the L/Hiva3 of A. rhodesiensis Tiieo , up to .vbdomiNal segment VIII 
Head 



Note — ^Tho numbers indicate branclios, F z= feathered ,/ = fi aycd , LP = \oi-y lonB, pinnate, m = minute, X =liair ib'-cnt 
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hau long, bcirmg 6-9 long hlernl bnnches The saddle hair ^lmost imaiiably split into 
two m its distal third, outer submcdian caudal liatr with 6 oi 7 long stout branches, the 
distal ends of which aro cuned to foim hooks, nmci submedian caudal hair also with some 
branches stout and cuned distalh The ends of some of the blanches of the aentral row of 
haiis also slighth cur\ed 

Tergal plates modciateh laigc, then a\ length 0'23 mm, then width nearly one-third 
of this The small median phtc of the usual size The pair of small oval plates found in 
most of the lanai belonging to group Myzomyia aie absent in this species 

Spiraculai apparatus with the chitimzation along the posterior border of the spiracular 
openings poorh de\ eloped, but the median plate of the scoop fairly broad anteriorly so that 
its antero-lateral border touches the spii acular openings The pigmentation of the plate is 
as in A sergentn Ian a Pccten with 5 long and 9-11 short spinous projections all of which 
haae conspicuous sei rations along their doiso-lateral borders 

The aentral surface of the boda , particulailv that of the posterior segments, bears irregulai 
rows of minute setaj easilj a isible iindei a modemte magnification 

The accompaming chart gi\es the details of branching, etc, of all the haiis of the laiva 
up to abdominal segment YIII A ulante at such chait compaied with tho«e of other laraai 
will indicate outstanding differences 

A (Myzomyia) theilen Edwards 
Descnption of the fidl-gi own lai va 

Head 

The head is browmsh jellow in colour, the usual daik spots well defined, a diffuse dark 
blown spot connects the anteiior median spot with the two lateral oaal spots Inner anterior 
clypeal hairs arising far apart, the distance betaaeen their origin about twice or a little less 
than tavice that between the bases of the mnei and outei anterioi bans of one side, stout 
and simple, then length about O' 188 mm and about 1/3 that of the fronto-clypeus Outer 
anterior clypeal haiis stout and simple, length about ffOl mm , clypeal hair index 0 5 
Posterior clypeal ham arising a little external to the mnei anteiioi, then distal end not 
leaching the bases of the lattei, slender, simple, length about half that of outer anterior 
cljpeal hairs oi O' 48 mm Fiontal haiis normal (featheied), the distal ends of the distal 
pair reaching to the base of the anterior haiis, that of the middle pair, which is only very 
slightlj longer than the outei, extending to base of posteiioi cljpeal hairs Inner sutural hair 
a little longer than the posterior clj peals, slendei, simple, outer sutural of about the same 
length, split mto 3 branches Subantennal hair stout and piofuselj feathered 

Antenna more or less imiforml> pigmented, a little less than hilf the fionto-clypeuSj 
fairly stout, its length 6-7 times its breadth neai the base, inner and central surfaces with 
a large numbei of conspicuous shoit spinous projections Antennal haii short and simple, 
arising from the doiso-exteinal -iirface between 1/3 and 1/5 length of antenna from the base 
The transpaient cone-shaped piece is much shortei than the fingei-shaped piece, which is 
comparativelj long in this species The teiminal haii splits about its middle into 4-5 
branches Maxillaiy palp with the cone-shaped appendage at the tip of the palp about 
twice the length of the fingei-shaped appendage and with simple distal end Mentum 
with 7 teeth Of the low of three teeth on each side of the median one the anteriormost 
IS the smallest and has a rounded end In one specimen there was a small tooth placed 
at the end of the row on one side 

Thorax 

Submedtan proihoracic hairs with the inner as well as the middle hair stout, the inner 
which IS a little shorter than the middle, with 22-25 closed set lateral branches, the middle' 
with about 11 Both hairs arise from well-dec eloped dark brown ba«al tiibeicles which mac 
be partially fused with each other oi separate The outer hair is shoit and simple 



Showing detailed chvetotaxy of the LARViH or A. theilew Edw , up to iVBDOMiNAL segment VIII 
Head 
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Mclalhoracic jmbnatc hair well de\ eloped, with 18-22 lanceolate leaflets ananged m a whorl, 
the filaments not differentiated 

Pleural haus with the anangement of long haus as in group Myzomyia (le, pro 2 
simple, 1 feathered, meso- 2 simple, meta- 1 featheicd, 1 simple) Doisal anterior prothoracic 
long and feathered, acntial long, simple, dorsal posteiior shoit with 3-5 lateial branches, 
\ entral long, simple Dorsal ind \ enti il anterioi mcsothoracic long, simple , dorsal posterior 
minute, simple, the aenti-al shoit, sleudei and split, distallj' into 4 branches Dorsal antenor 
metathoracic long and featheied the a entral long and simple, dorsal postenor minute, 
simple, the a entral short and split, distal^ into 3-4 branches The chitinous tubercles from 
which the pleural hairs arise aie modeiateb large, the flattened piojections between the 
pairs of hairs on the me«o- and mcta-thoi.i\ are pronounced but rounded distally 

Abdomen 

Hair No 1 foims nell-dea eloped palmate hairs on segments I-VII, though that on 
segment I is not so well de\ eloped as on segments following and has only 11-13 narrow 
leaflets nith poorly-de\ eloped filaments The othei palmate haus with 14-17 leaflets on 
segments n and VII, 17-19 on segments III-VI The basal half of the leaflets is somewhat 
uniformly colomed nhile the distal half is much lighter The filament is differentiated, but 
the indentations at the base aic not \ eiy deep and extencl^ along the edge so that the 
filament is lerj broad at the base A\ length of blade of leaflet from mid-abdommal 
segment (705 mm , that of filament 0‘02 mm (including the i erj' broad basal portion) 
The part of the filament free fiom lateial indentations is lerj' short Lateral hairs on 
segments W-VI long and beaiing S-9 lateral blanches, somewhat resembling a sparsely 
branched feathered hair, the conesponding haii on segment VII is veiy short and splits 
distallj mto 3-4 blanches Post-spiraculai hair long, nith S-9 lateral blanches Saddle hair, 
unlike that of many species, is blanched in its distal half bearing 6-7 branches Outer 
submedian caudal hair with 7 stout long brinches the ends of which aie curved to form 
hooks, some of the distal branches of (he innei caudal haus are also slightlj cuived at the 
end and form poorly developed hooks 

Anteno) tergal plates are fairly laige and the lounded median plate of the usual size, 
the paired oval plates are absent Peclen with 4-5 long and 7-9 shoit spinous projections 
all of which aie finely serrated along the dorso-latera! bordei of then basal half 

The accompanjmg chart gives the details of blanching, etc of all the hairs of the Ian a 
up to abdommal segment VIII 

A (Myzomyia) gambiae Giles 
Description of the jull-gwwn laiva 

Head 

The head is brownish yellow with the usual daik spots In some specimens the spots 
are poorly developed one or two only being piesent, in othei s all the spots are well defined 
and dark brown with a hoiizontal bar-like cloud surrounchng the antenor median spot and 
e\tending along the bases of the fiontal bans, anothei large diffuse spot being present m 
front of these hairs Anterior clypeal hairs unusiiallj'' long, with the inner bearing fine 
lateral branches on their distal 2/3, the outei simple or bearing lateral branches like the 
inner The inner anterior clypeal arismg with their bases wide apart, the distance between 
these about twice oi moie than twice that between the bases of the inner and outei anterior 
hairs of one side, moderately slender, av length 0*23 mm, a little more than one-third 
that of the fronto-clypeus, outer antenor clypeal measurmg on average ffOflS mm , clypeal 
hair inde\ (74 Postenor clypeal hairs aiismg a little e\teinal to the innei anterior hairs 
a little shorter than the outei antenor cljpeal bans, their distal ends not reaching the base' 
of the antenor hairs, av length 064 mm Frontal hairs normal (featheied), the distal end 
of the mnermost pan reaching to the bases of the antenor hairs Innei siUnral hair about 
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Noict- on ^\)iop]irhnr Mo'<(i}t}lo( ^ in Siciia Leone. 

Inlf ns lonp n'; ilio outer nnlcrior (hptnl, or Jufid, ontrr ':itlural n little shorter 

uith 3-7 bnnclic'; SuhantcnnnJ hatr ‘■tout niid profti-* h iiitlurfd 

Antcimn moie or Ic^^ uniformh jiuriiunfod, lOinpinlufU ‘■lender, being about 9 times 
ns long ns its modest uidtli, a little le‘-. tlinn Imll flu Iiiurlli of the fronto-ch pens, if= inner 
nnd ventio-1 deinl ‘-iirfncc beuinc i miinbir of -lirirl ‘•piiioii- juojeitions Antennal hair 
nciT ‘-lioit. nnd ‘^iniide, nri^-inc from tlu dor'O-f \t< rii d ‘•urfnu nboiit 1/3 Icnctfi of antenm 
from bn‘:c The trinspnrcnt cone-‘-lia])r d pim i' i littli longi r tliin tlio “liort finger-shaped 
piece The tcrniinnl linir •'plils aimiit il-< niidfllt inUi 1-0 br nidi's MeixiUnry palp vriih 
the cono-slnped ap]ieiidnpc nt the lip of the julp about i (pi d to tin (Imre r-slinpcd appendage 
and a sliphih bifid extreme ti]* Mrtunin lu itiiiir fi titUh di tlir rou of four teeth on 

ench side of the median one tlu antiiioimosl is the smnlh sL md has a rounded end, the 

three nntciior ones aic cqiiidist int from < idi ollur, tlu list oiu in (nth row being placed 
fuither back 
Thorax 

Subvicdinn piolhorauc /laos with tlu iiiiu r h iir without (hilinircd bisd tubercle, 
conipnralivth skndcr nnd beiiiim 7-11 bi iiulu s the muhllr hnir iri'ing from v “omcvdiat 
conspicuous bn‘'d lubcrtic, stout Iwui |s lomr i- the miu r md be iring 11-14 Intcnl 
binnches, the outer ban diorl and sunidt Mr Inlhoiuni pnbnnlr linir not dea eloped, the 
hair corresponding to this lieing Ida m ordinua luuuhtd h iir hiaiiig 3—1 bnnehes 

Pleural hair’s with the anangcnuid of tlu lone h urs I'l m gioiip Myzoinina (pro- 2 

simple, 1 feathered, incso- 2 smiplt , null- 1 fr dlured 1 ‘'mii)le) Dorsal anterior 

prothoiacic long, feathered, acnlial lom; simph , doi-d posttiior diorl with 3 lateral 
branches, the acntinl long and smiide Doisd md atiilid mttrior mesothoiacic long and 
simple, doisnl posterior cxlicmch sfioit, smiidi' tlu amiti d sliorl, sunplc Dorsal anterior 
metathoracic long, fonfhcicd the aintiil lone smiiilc, doisd posterior minute ind simple, 
the aentral short splitting dist ill\ into 2 'Ihe chiliuou? tubeiclcs from which the pleural 
bans arise aic faiil} Inige The flnttciud luojettion liclwecn the iiniia? of hairs is produced 
into a cuned spine-likc piocess on all sepanoiils, that on tlu nic^othorax differing from the 
othei m that instead of the outci end being prolonged into the spine it is the inner end 
which is so pioduccd, in this the Ian a icsciiiblcs ‘jpccits of flu group Pscmlomyzomyia 

Abdomen 

Hair No 1 is tiansfciied into i pooiK-do%clo])ed palmate li iir on segment I with /-H 
naiiow lanceolate leaflets The palmate hairs uio well de\ eloped on segments II-VH, though 
that on segment II is not so well developed is those on segiiioiits following and has onl) 
11-13 leaflets wath poorlj'-dci eloped filament The othei palmate hans ha^c 15-lS leaflets 
on segment III, 16-18 on segments IV-VI md 14-17 on segment VII The colour of the 
leaflets is unifoim The filament is well difleienti itcd with the indent itions deep and 
somewhat lestiicted so that the filunent is nuiow it the base The ai length of tlie 
blade fiom a mid-abdominal pihnite luin is (TOaS mm md that of the filmient flOSS 
Lateral hair on segments IV-VI long, split non the bi«c into 2 on segments IV and V and 
into 3 on segment VI, the conespondmg hiu on segment VH is %eiy shoit with 3-5 blanches 
Post-spiracidar hair long with 4-6 blanches Saddle han simple Otilci kubtncdian caudal 
hair with 6-7 long stout blanches the ends of which aic cuiicd to foim hooks 

The anterior tergal plates model ilclv huge, the louiided median plate of usual size, 
the pair of small oval plates is absent Spnacidar apparatus with the chitimzation along 
the posterioi bolder of the spiiaculai openings leiy well maiked, the median plate wit 
the anteiioi keel-like poition compaiativcly long, the plate bioad aiiterioily so that its 
latei o-antenoi edge touches the spiiiciilai openings, the coloiation moie or less uniforni 
Pecten with 4^ long and 11-12 shoit spinous piojections, all of which are markedly serrated 
along the doiso-lateral border 

The accompan} ing chait gives the details of blanching, etc, of all the hans of the lari a 
up to abdommal segment VH 



Showing detailed ciiiCTOTAXT or the larvai or A. gambiae Giles, tip to abdominal segment VII 
Head 


1163 


S R Gh) isiophcts and I ill Pitn 


o 


t-H 

CO 




CO 

l-H 

Br 

CO 

rH 

1 

7-9 

CO 

5-6 

5-8 

CO 

CO 

CO 

6-12 

CO 

lO 


Cl 


»— t 


f-H 

1 


1-H 



1-H 

— 

1 

2-3 

r*4 

CO 

»— I 


CO 

1-H 

S 

CO 

2-3 

2-3 

1 

t-H 

CO 

m 

J. 

O 

l-H 

- 



2-3 

t 

CO 


1 

CO 

2-3 




o 

fc. 

l-H 



5-11 

7-S 

5-7 

6-7 

5-7 

3-7 


1-6 

CO 

ti. 



X 




2-3 

2-3 

3-6 

o 

1 


fe, 

CO 

fc. 

fe. 

fe. 

i 

3 

to 

4 

3 

1 

4-5 

o 

3-7 

o 


CO 



CO 

fc. 

fe. 

fc. 



2-3 

3-5 

CO 

C'l 

1 

ic 


CO 

fe. 

3-4 

lO 

4 

3-6 

3-4 

CO 

5 

5-6 

1 5-7 

fe. 

1 

1 

fe. 


1-H 

3-4 

t-4 

1-H 

1 

CO 


1-H 

rH 




CO 

r- 1 


'•O 


4-^ 


3-4 

2-4 

rH 

T 

CO 

CO 



C-l 

11-13 

- 

CO 

2-3 

4-5 

3-4 

t«4 


^H 

3 

<N 




6-11 

fc. 

3-4 

7-11 

£1-1 T 

15-18 

16-18 

16-18 

16-18 

!>. 

1-H 

4 

1-H 















Hair 

niimbei 


o 

Hair 

number 

>— 1 

t-H 

t-H 

»— f 

1— ( 

HH 



CO 


lO 

O 





naraopqtj put? xujoq:^ jo ?;nani 

Sag 




9 











1 


Yole — The numbeis indicate blanches, /'’ = feathered, / = fiaved, LP—vciy long, pinnate, )» = miniite, X=hair absent 
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Ao/(’s uu Aiioplicliiir Mo^ijinhiv^ in Sin in IjCoiip 


The olliei ]nliiuU Inn-, l)r'ii 20-21 I( ilU h on nl*! II nrul III lS-22 on segments 

IV-VI, iiul lG-21 on ^(gmrnl \ II 'I Ik Icillfl^. irf iiniforniI\ pignifnlrd The filament is 
f'in]\ Moll (hlTtiPiilntofl, tin null nl ilioii'' nf IIk '•lioiilfh r in not \fn dor p and tlio filament 
fuih bioid it till lini m ‘•oini •'PKimni- \\ li nqth ol hi idi of Iciflcf 0'07 mm, 
tint of fil iinont O'O'll nun oi i litlli h (Inn Inlf lint ot IIk hi uIo Lnlcrnl /imrs long, 
stout uid jnofiMh f( itliiiid on gnu nt- I ind JI tint on ‘■ignnnt III nl-o long and 
=(ont hut ho inng i oinp u iti\ i h Own I iti i il hi uu Ik ■■ I Ik I il( nil h ur n long on segments 
IV-'S I spliiiiiig into 1-1 long hiuulK- Init i-, \on '■liorl on ^(gnunt MI hearing 3-6 
‘-lendei hiiiulu^ /’o't-''/KnK k/ki linti -tout Ik iring ')-,S long litcnil hriiuhc-' hndillc hmr 
long and «ini])l( OiiUi suhnii dutii titmlnl uitli ”) long ‘-tout hi, me lies the cndi of nhich 

me cunnl to foini hool s mIikIi nn not nn well dovdoped 

Aiildioi l( mill iilitli •' iitlifi ••nnll .SyKinrnf/n n/j/ioni/Ks with tin rintiniz ition along 
the po^ttiioi holder of the ^ini itle - fiiih well d(\(loi'eil I lie me einn jd itc n fnrh broad 
antcrJ 0 I]^ niiel touche' the e elgo eif the 'pirule>- I’lgniont ition e Inr iile ristic and rc'crabling 
tint in A sLi{iciitii P(tl(ii with 10-11 pioie'-'f', 2 or .1 oi (hf'i henig a little longer than 
(he otheis, ill jiioce-'es he ii toii'fiituou' ekep 'ointioii' ilong the dorso-extemai border 
The acconip lining chut gne- the detul' of hi iiulung e te of all the h ur- ol the hn i 
up to ahdoniin il segment VII 


E.\pl\n\iion oi PliVil LXIII 

Fig 1 Palpi, licacl-se^alc'' and fionl of tlioiax oi .1 ) hoclesieiisis Theo 
„ 2 Ditto of A dthali Patton 

„ 3 ^Dng ol A thciicn Edw (Mabaiig specimen) 

„ 4 Hind taisus of ditto 

„ 5 Wing of A Jieetoivnent>is Evans 

The maikb on the scale indicate milhinctics 



Pl^te LXIII 






E\i>iAN*mov 01 PfiMi LXTV 

Fip 1 Phanngcal ai matin c of .1 Thco The tops of the 

filamcnt«: arc out of focus and indict met 
j, 2 Ditto of A (Uhah Patton 

„ 3 Ditto of .1 qamhi(t Giles 

„ 4 Ditto of A ’innthv Thco 

The mailv^ on iIk •'Cale indicate liundic'dtli" of i millimetre 



Plate LXIV 




ExPLvxvnox 01 

Fig 1 Piothoiacic plcuial Ikui-:: of .-1 
„ 2 Mesothoincic of ditto 

„ 3 IMctathoiacic of ditto 

„ 4 Mesothoiacic plcuial bans of 

„ 5 Piothoiacic plcuial bans of A 

„ 6 ]SIetatboi acic of ditto 

„ 7 Piothoiacic plcuial bans of A 

,, 8 jMctatboiacic of ditto 


PlAlL LXV 
tJicilcii Edw 

.1 (jamhtcc Giles 
ihochsxcnsxs Theo 

simthii Theo 
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This article is based upon im laboiatory notes which I made during a 
serological study of 26 «hains of Pa^teuiella group at the Lister Institute, 
London 

It will help the inteiesting points in this papei to be moie readily understood 
if I state m‘\ findings first and then the o\peiinients which led to them 

1 Tno laiiants neie isolated fiom a stiain of P sinseptica (National 
collection of type cultmes No 931) one of which was agglutinable hereafter to 
be known as 931 A and tlie othei shghth agglutinable or at times magglutin- 
able 931 I 

2 The colonj appeal ance of these \aiiants nas quite maiked, the colony 
of 931 ‘A’ was translucent and of ‘I’ fluoiescent oi mucoid On successive 
replating on ordinary agar the ‘A’ subcultuie yielded only similar colonies, 
whereas the ‘ 1 ' subculture gave approxunatelv 4t>-59 per cent ' A ’ type oi 
colony and 60-50 pei cent of ‘ I ’ tvpe of colony 

3 When these two variants 931 ‘A’ and 931 ‘I’ were giowm in bioth 
in decimal dilution's, it w'as obseived that the ‘ A ’ variant grew m all dilutions, 
wheieas the ‘ I ’ variant onlv up to 1-100,000 dilution 

I jSIethod of isolation of variants 

The piehminary method was, when a culture was found to be of low 
agglutinabihty, to plate from a subcultuie on agar and to pick 20 colonies, 
test their agglutinabihty and to select the most agglutinable variant for further 
use m agglutination tests This method gave an agglutinable subculture which 


*A paper read before the Medical Section of the Indian Science Congress, 1930 
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had agam become magglutinablc, the ''UIkuUuic ^^ab again rcplatcil and 2 
colonies, one tianslucent ‘ A’ an<l (lie othci opaciiie ‘I,’ wcic picked on to agar 
slopes and into bioth and '-ubjeeteil to the following test*' 

(n) ‘A’ and ‘I’ ''iibcultnie'' wimc plated and 20 tolonies flora each were 
picked oA on to agai "Iojh"', ‘'iibeiiltnicd and agglutination te-'ts were earned 
out in a dilution of 1 in 200, with following ie>iiilt« — 

T\1)LK 1 1 
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* (3) and (G) soleetcd for rcplating 
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* (12) and (19) selected for leplatiOo^ 
t Agglutination was recorded macroscopicalb' as follows — 


No agglutination 

Trace of agglutination ^ 

Definite agglutination d" 

Agglutination with small deposit S + + 

Agglutination with large deposit 
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The mo«t ^ggllItlnablc Aainnt fiom ‘A’ ■nas selected as 'nell as the least 
agglutinable, hke\\ise the most agglutmablc and the least agglutmable variant 
from ‘I’ These v^ere labelled A2+> and A2‘' and I2+‘ and 12-1 "were sub- 
cultined and plated Ten danghtei colonies of each kind vere again agglu- 
tinated against the 931 ^erum in a dilution of 1-200 The results of such test 
are shovn m the following table — 

Table II 
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931 12+1 
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Badf'tinl Yen inf ton ni n Shnin of snisopficn 


Table III gnen I)ol()\^ ''Iio\S‘' ilio ic-ults of 031 \") + ‘’ and 931 AS"'*, and 
931 lo’’’ and 931 I.‘5'‘’in \slii(li .i ( liai.u tc i i-^lu t\pe of agglutination as for 
the fii^^t time ob^-ened a'—odated with inagghitiiiabiliU The supernatant 
fluid wa^; quite ole.u in the agglutination tubi- of all \ t%pe of colonics of both 
‘A’ and 'I’ \aiiunt The ‘1 ’ t\p( winthei dfn\ed fiom '.A' or 'I' \ariant, 
had a eloiuh oi tuibid appeal aiue 

In 1)1 oth, -valiant ' \ ’ giow^ with '-n|)finat int eleai and ‘I’ -v ariant turbid, 
unlike the 'Smooth’ and ‘Hough’ (iiltiiK' do'dilnd b\ Aikw right and 
othci== — 

Tmim tit 

9'n AS-r-i 
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‘A’ giow-s cleai and ‘I’ tuibid in bioth in thi^ t\pe of agglutination 


931 15 +4 
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In tins sciics 19 colonics out of 20 fioro A5 and 14 colonies out of 20 
fioin 15 ncic agglutinablc and otlicis to a model ate degiee 

This method A\as lepeatcd «i\ times m accoi dance with the pimciple of 
selection desciibed bcfoic and it was found that out of 20 colonies of each 
variant, 19 fioni ‘A’ 6 and 19 colonies fioin ‘I’ 6 weie agglutmable thus 
demon'strating the fact that b^ continuous plating and picking variably agglu- 
tinating cultuies mav be foiced to yield agglutinating cultures Table IV 
given beloM gnes the i exults of plating a sixth time — 

Table IV 
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The nc\i j)Oint {c=;(ccl Ihi*^ enforred ngtjlutinabilit}’- ^as a 

pcimancnl oi ^cmpol^u^ phu'-c 

Aflci foil! weeks in cold "loinge when tho'-e culUncs were icplatecl and 
tested, it was found that ‘ I ’ had (oinjileteU re\eilcd to its inagglutinable phase 
and that ‘A’ was chglith agglntinable Table V gnes the results of 20 
colonies of eacli vaiiant tested foi agglntnial)iht\ 

Tviinn V 
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II Characters or the colonies 
The agglutmable colonies obtained in all the above tests lemained 
cent whereas the variably agglutmable one had become fluorescent oi 
in appeal ance on the plates When 931 A and 931 I tj'pes were plate o 
oidmary agai it wms found that 931 A yielded 100 pei cent tianshicent 
and 931 I appioximately 50 pei cent tianslucent and 50 pei cent 
colonies When the daughter colonies fiom 931 ‘A’ weie replated the) ^ 
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found to be almost entnclj hansluccnt colonies, and from 931 'I’ plate 
daughtei colonics the tiansluccnt colonies yielded tiaiislucent colonies, whereas 
the mucoid daughtei colony yielded half the number mucoid and half translu- 
cent colonies These fact« imn be diagi xmmatically illustrated as follows — 


Effect of Immune sei uin on the colony vanants A6 and 16 
The two ^ inants ucic inoculated into broth containing small quantities 
of immune scium and incubated foi 10 days at 37°C After this period they 


Diagram 1 

031 A 931 I 




WCTe plated and on examination of the colonie=i and counting them, it was 
found that the ' I ’ variant plate yielded all colonies of the mucoid tj pe and 
the 'A’ valiant colonies of the mucoid and the translucent type m about equal 
nuinbei^ as did the 'I’ A'-ariant under oidmarj conditions of cultnation 

Effect of augynentolr on the colony vauants A6 and 16 — ^The augraentor 
used m these experiments vas peptonised blood containing defibi mated sheep’s 
blood and pepsin adjusted to pH 7 0 to 7 2 vith a little chloroform added to 
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it. (Fildc^'j 1920), 0.) ( ( of tln^; augnicntoi wa^ U'-cd foi plating, le, for 
15 cc of agai, and 1 (M]nllai\ diop'- foi one lulio of bioth oi agai On the 
augnicnted ])latc'= (ho oolonu"' of ' \ ’ appealed tian‘'lurcnt a‘' in tlie iinaiig- 
ineiitcd iilatc^- and of ‘ T ’ ‘-oine of (he rolonie.' aiiptaied opa(|iie and the others 
ti iii'^luccnt Idle ^anallt oolonio'' of eadi t\pe ‘ \ ' and ‘T ’ neic of the same 
niiinhci in both nnanginontcd and ancinented platc- 

Miao-icopicnlh / — The \aiianl ‘ (oloiu \\a« made up of long lender 
bncilh, nhcica‘= the ^ inant roloiu wa^- ino'th of eoeenuF and feu short 
bacilli 

ITT T Ic^l ol the 2 Vdiinnl-^ 941 1() oml 931 /O — The rate of 

gionth of the 2 ^nllant'= •\\a‘=; delei mined a^ follow^ — 

1 Plntmti method — Aftei 21 lioiii-’ iiu libation, bioth dilutions lO’’ to 
10"*’ \^cio made and jilated on ac:ai ( ( of the bioth dilution) to determine 
tlie nuinboi of oigani'-m‘- pei ei in the onmnal bioth eiiltiiie 

2 Ddvtion method — TTalf ( < fiom e u h dilution fiom the broth culture 
which na^: jilated fiom, n a^ imt into 1' < f of bioth, iiuiibated and examined 
aftci 24, 48 and 72 houi=: 

7?es7///<? — 1 The nei.ige count foi thiee '•et« of expcnnicnts as aboie 
gave bx the ])latmg method foi ‘ \ ’ xaiiant 1 200,000 000 bacilli pci cc and 
foi ‘T’ xaii.ant 110,000 000 Ivuilli jiei cc of oimmal bioth culture 

2 The gionth in bioth of 931 VO and 931 TO m diflcrcnt dilutions is 
given in Table ^T 


Taulf VI 

Giovth in bioth of 931 ‘VO and 931 10 in ditTeient dilutions 
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By the dilution inetliod it v, as found that in all dilutions variant ‘ A ’ giew 
but that ‘I’ valiant did not giov in dilution aboie 1 in 100,000 m 24 hours 
There is thus seen to be a leal difteience evicting between the ‘A’ and the ‘I’ 
lariant in the nuinbei of bacilli picsent pei c c as well as m the dilutions 
be^ond vhich one niiant mil giou and the othei will not 

This experiment fiiitliei shous that the minimum number of bacteria 
required foi giowth is much smallei m the ca^e of A6 than of 16 

Effect of aiigmentoi on viability of 931 A6 and 931 76 — To different broth 
dilutions of a 21 horns’ bioth cultuie as described m the previous experiment, 
4 capillary drops of the augmentoi ueic added, incubated at 37°C for 24 hours, 
48 hours and 72 houis 

The following Table VII shows that the augmentoi helps the growth of 
931 16 xaiiant in higher dilutions and it makes little oi no difference m that 
of 931 A6 variant 


Table \r[I 





1/100 

1/1,000 

1/10,000 

1/100,000 

|/1 ,000,000 

1/10,000,000 

931 

16 

1 

Without aug- 
mentor 

+ 


+ 

+ 

1 

1 

— 

931 

16 

With lugiucntoi 

+ 

+ 

4- 

+ ' 

+ 

— 

931 

A6 

It ithout aug- 
mentoi ^ 

' + 

+ 

+ 

+ 

+ 

— 

931 

\6 

With augraontor 

+ 

+ 

1 

+ 

4" 

+ 1 

— 


SUMMARA 

1 A pure culture of P sinseptica, 931 has been found to contam variants 
showing marked discontinuous sanations m agglutmability This variation m 
agglutinability seems related to a mucoid change which the colomes undergo 
in subcultures 

Apparently it i^ not related to roughness and smoothness of the colonies 
noi to the specific oi non-specific phase of Andiews When a whole culture 
becomes magglutmable, it ha« been found possible to pick off one or twm 
agglutinating variants and therefore it would appear a useful point m technique 
to plate out the magglutmable culture and pick about 20 colonies and test 
their agglutmability as an agglutinating laiiant maj- possibly be present among 
them 

These experiments indicate indnidual laiiation among the micio-orgamsms 
constituting the parent strain and pi ore that daih plating and subculturmg 
of magglutmable cultures results m a larger numbei of agglutinating colomes 
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Bacli nal V(nHili<i)i nt a Sham of P suiseplicn 

The nece"=;it\ fui -uhcultin Jiig allonP tlu oppoi (iinitN foi gro\'.tli and conse- 
cpicnt ^juiatioii to utciu witli llu ''tinnal of a laigoi pio])ortion of agglutinat- 
ing Aaiiant^ iiiulei ^ufli (ondituui" 'riiii- it would aiijioar that anj gnen 
cultuic coii'-i'-N of a laige nundna ol ni<li\idual oig.inisni-3 winch vary in one 
01 moic ic'-iiccl" and the piopoition- in whuh the dificicnt kinds of organisms 
aic jiic'-ent aie ^allable fiom tinit to time 

EnMionniental condition^ fa\oui the giowtii of -oine of tlie t} pes iind thus 
lead to a giadual icplaceincnt of the agglutinating t\pe for instance b} the 
inagglutinablc t}pe Melding duiing sudi a change two \aiiants showing dis- 
continuous ^allatlons in .igglutinabili{\ 

The tc-ts on \iabiliU of the two \aiiant- 1)31 Ab and 931 IG show that 
the augmcntoi helps the ‘ 1 ’ ^auant to "unne in higher dilutions 

It IS possible that the ‘1’ \aii<mt i-' owgcn -cii'-itiee’ as Schutze (1929) 
has «hown in the case of P 

In the light of exiieiiinent- leccnth earned out Lai -on has stressed the 
impoitancc of '-uiface tension depie'-\nts in media on bactciial growth It is 
likel}’’ that the ^uiface tension leepiiieinent'- of the two ^arlnnts may be 
diffeient This i< a jioint woith iin e-'tigating 

]{BFJJ?r\CLs 

Fildes, P (1920) lira Join 7 x/;u Path , J, \> 129 

ScHUTZL, H , aud 1 I\^ssnlin M \ /bid, X, p 201 

(1929) 



EIJKMAN’S TEST APPLIED TO WATEE-SUPPLIES IN THE 

TROPICS 


BY 
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AMAR NATH GOYLE, m b , ph d (Lond ) 

{From the Pastew Institute of Burma, Rangoon ) 

[Received for publication, November 7, 1930] 

The Intel pretation of the results of bacteriological examination of water- 
supphes in the tropics presents considerable difficulties Lactose fermenters 
of the coll gioup are fiequently present m veiy small quantities of water 
obtained fiom souices which are obviously not liable to dangerous pollution and 
the application of European standards as to the permissible number of these 
organisms would entail condemnation of many quite safe supplies 

Organisms of the coh group are widely distributed in natural sources in 
the tiopics and may be of intestinal origin, human or animal, or may be 
present in soil under conditions which make it unlikely that they are of 
intestinal oiigin, or if of such origin, undoubtedly very lemote Such oiganisms 
must frequentlv be wmshed into water used as drinking wmter-supplies and the 
Health Officei who is presented with the lesults of a bacteriological examina- 
tion which show's lactose fermenteis to be piesent in quantities down to 1 cc 
or less IS not justified in saying that the w'ater show's evidence of pollution 
which makes it a dangeious souice of supph' Most Health Officers in India 
have lealized this and found it necessary to base then opinions on the quality 
of a w'atei on the local circumstances of its collection, or to ask for special 
methods of bacteriological examination to be applied In a previous paper 
(Tayloi et al , 1927) some differential methods of examination were discussed 
These included the use of Clemesha’s method which has been laigely applied 
in India and consiste of the identification of individual oiganisms and their 
classification accoiding to their lesistance to sunlight This method gives 
some indication of the lecencj of pollution The use of the methyl-red 

( im ) ' 



]178 El Ti’.sl jlpplird In Waln-’-^upplu'^ ni IJir 'fiopics. 

Vogcs-Pio^-kauc'i . nncl (iti.ilo-iilili/ation ■\\a^ found al-o to lm\c a ceitain 
quantitatnc \alue a^- induatini; the hkohliood of the intc-tinal oiigin of the 
colifoini oiganFin^-, but the exad di‘'lnbutu)n of oigani-in‘- guing different 
types of icaetion‘' ^\Illl ( 1 k "'0 te-t<> ntulei natui.il (ondition‘- in ‘■oil, etc, in the 
tiopiCb had not been \soikcd out 

Cleinc'-liab method (1912) oi (he n-i of tlie-t diHeiential tebt‘- lequire a 
considciahlc time to comjilete, and the ii-e of sj)C(i.d media and an extended 
tcehmquc Am ‘Jimiilei te^t ulnth (ould he (anud out lapidh and gne a 
picsumption of leccnt ]iollution from intO'-tinal ‘■onui- uoiihl he of gieat ^alue 

Eijkman’-' te^-t i-- one wlinh i^- n-ed foi thi" iniipo-^* in ‘•oinc tountiies but, 
so fai a" om ^iinex ol tlit liteiatuu on the -ubject goc", \Ne ha^e not been 
.iblo to find cin\ lefeitiue to the '•peeial appln ition of thi' mttlioil to Mater- 
supphes m the tiopics 

Eijkman (.1901) found th.it oigani'-nib c.ip.dile of iLimentnig glucose ^\hen 
incubated at 4b°C weie cliai.itten-tn of tlie mte'tin.il (ontentb of man and 
^^alm blooded .inimalb and th.it oig.ini'-m'' with tin- pio])tit\ were laich present 
in natuie apait fiom tondition- undei which pollution fioin intestinal sources 
A\ab likch Tin- w.i- in .i tempeiate (Innate He toiibideicd that incubation 
at 46°C foi the detection of oig.ini-m- of mte-tm.il oiigin was a inoic coiicct 
pioceduie than incubation at 37°C oi lowei temiieiatuies Eijkniaii did not 
claim that the test w.i- one foi (oh m watei .ilthough thc-c organibius luaj 
glow' at 46°C and feiinent gluto-e, and max con-titute the niajoiitx of the 
oiganisnib -bowing tliib leaction 

Boinand (1913) found that B <oh aftei lemammg ni water foi foui-aud- 
a-half months at low' tcni])ci.ituie dcxclojicd with difficulty in Eijkiiiaiib 
niediuin at 46°C but a- lecenex of pollution ib of the gicatest nupoitaiicc in 
legal d to the iio-bihilitx of tiansnii«bion of dicease In clunking watei tins would 
not appeal to affect bciioubh the pi.ictical xaluc of the te«t How fai Eijk- 
man’s finding- a- to the distiibution of oiganisms gnmg a positixc lesult with 
his test apply to tiopical conditions will be di-cu-scd latci 

Enkman used a medium consi-tmg of 10 pei cent iieptone, 10 per cent 
glucose and 5 pci cent NaCl Tin- w as added to eight times its i olume of the 
w'atei to be tested in a fei mentation tube oi flask when large xolumes ivere 
dealt with For smallei quantities such as 1 c c a 1 pei cent glucose peptone 
water was used In each case incubation w'as at 46 °C 

His lesults in applying the test to xvatei -supplies -bowed a iiiaiked coiie- 
spondence w'lth the sanitaiy cn cumstances of the supply, puic watcis a 
negatiye i esult in quantities up to 300 c c 

We hax'e earned out a sene- of piehminaiy mx'cstigations as to the 
bution and sun'iyal of lacto-c feimenteis and of oiganisms giving a 
Eijkinan’- te-t undci the conditions pievaihng in Rangoon and the xicinitv ‘‘Ui 
extended the mxestigation to the examination of w'ateis of diffeient types 
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Preliminary observations 

A. Fsecal samples 

A senes of examinations of human fajces and of the intestinal contents 
fiom the hoisc, cov, labbit, gumea-pig and pigeon showed the piesence of 
theimo-toleiant oigani^ms pioducing acid and gas m 1 pei cent glucose peptone 
water at 46 °C in all samples The test was negative m the case of the 
intestinal contents of fish mIucIi showed lactose feimenteis at 37°C 

B Soil samples 

Pifty samples weic tested foi the piesenCe of lactose feimenteis and by 
Eijkman’s test, the details of then souices being knowm and the liability to 
contamination from human oi animal souices estimated The conditions in 
Rangoon and the MCimtj with laigc numbeis of stiaying cattle, laige numbers 
of ponies and ninumeiable owneilcss dogs aie such as would lead to animal 
contamination of soil m all unpiotected sites and w'c have had to select special 
aieas in oidei to show the degice to wdiich sites estimated to be little liable to 
pollution, 01 w'ell piotccted, wall contain theimo-toleiant glucose feimenteis 
Table I shows the lesult'? of these examinations and is divided into tliiee 
sections accoiding to the iisks of pollution Of the 50 samples examined 47 
01 94 pel cent show'ed the piesence of oigamsms feimentmg lactose at 37°C 
and 34 oi 68 pei cent gave a positue Eijkman’s test In the group classified 
as ‘little liable to pollution oi well piotected’ 22 oi 58 pei cent gave a positive 
Eijkman test, wdiile in the gioups consideied ‘liable to occasional pollution’ 
01 obviously ‘liable to definite pollution’ the tests foi lactose feimenters and 
theimo-toleiant glucose feimenters weie 100 pei cent positive 

In Section A of tlie table the fiist eight samples w'ere carefully selected 
and only one gave a positive Eijkman’s test This w^as fiom a lailed-in 
enclosuie piotected fiom oidmaiy trespass, but a few dogs were in the aiea 
wdien the sample w^as taken Selecting six colonies aftei plating out on 
MacConkey agai from each of the lactose fermentation tubes the colonies 
from this series of eight samples w^eie found to give the following reactions 
wuth the citrate utilization test, the methyl-red test and Voges-Pioskauer 
test — 


Citrate 

M R 

V P 

No of 
colonies 

+ 

— 

+ 

43 

— 

+ 

— 

3 

+ 

+ 

— 

2 


Only 6 pel cent of the colonies gave the type of reaction characteristic of 
intestinal coh 

The result'; wuth regard to the «ainples from the Hlaw'ga Lake catchment 
aiea which are included m the piotected senes are of particular interest in 
relation to the bacteriological results obtained from the examination of this 
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watci-supph The ealcliinent aicu extend'' o\ei 10 3 ''Cpiaic miles including 
3 9 '^qiiaic niile- of ^\alel '-pread It i" fiilh fenoed in .iiid patrolled and the 
onh pci'on^' ■\\itliin (he aiea .ire the eeatehintn and a few fi^’licrinen uliose 
'^anitan (omhut i‘' legulated Tla* meater part of tin (atchincnt area is in 
dense jungle difnciilt to pcneti.iti and theie i*- little inducement to trespass 
Cattle aic excluded and then .iie onl\ a few h.iiking deer and wild fowl within 
the fenced aiea The siiccinien" examined wcie obtained with difficult} from 
thicc gioups of soinies Tlio-e noted a*. ‘ b.ink ’ ‘•ampU'- were obtained bj 
nppioachmg the ‘■boie b\ boat and foicing .i wax through thick undergrowth 
This area x\as almost unappioachable otheiwi'-c The 'outer area’ samples 
weie obt.imccl bx climbing tlu fencing and penetrating through the jungle in 
diffeient direction'' No ti.ice of human oi animal tre-'pa'-s was noted at 
these points and the onh iiath- within the catdinient area are those worn by 
the watchmen dining then patiol- The ‘island’ samples were obtained from 
a small tree-coxcied inland in the niiddlo of the lake, of which only a few, 
squaie yaicls wcie aboxc the watci lex cl Theie were no animals on it, but 
piobabh buds on occasion It will be soon that the iisks of liuinan or animal 
pollution of these sites must be extieiiielx small Ninetx pci cent of the soil 
samples from the catchment aica showed lactose feimcntcrs at 37°C and 70 
pel cent gaxe .i positixe Ihjkinan’s test These icsults would suggest that 
oigamsrns of these txpes aic cithci natuiallx picscnt in the soil or of long 
persistence iindei the climatic conditions piex.iihng in xicw of the .absence of 
possibilities of pollution fiom intestinal sources 

One hunclied and tluitx-two l.ictosc-feimcnting colonics isolated bx plating 
fiom 22 positixc lactose tubes of (he catchment aica samiilcs gaxe the following 
icactions — 


C’ltiate 

.M R 

1^ 

No of 
colonies 

Pci centage 

+ 

— 

+ 

54 

40 9 

— 

+ 

— 

58 

44 

+ 

+ 

— 

20 

15 1 


Oiganisms gixing the icactiout- (oiisidciecl to be chaiacteiistic of coh o 
intestinal oiigin aic obxiously numeious m the soil of this piotected aiea 
In the case of the samples classified in the gioup consicleied ‘liable o 
occasional pollution’ (Table I, Section B) the colonx’’ leactions xveie — 

Pei centage 

MR VP of 

colonies 


Citi ate 
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The colonies obtained flora the group classified as ‘ obviously liable to 
pollution’ (Table I, Section C) showed — 


Citiate MR VP 


Peicentage 

of 

colonies 


+ 

+ 


+ 

+ 


+ 


72 2 
25 
2 8 


There was thus no icgulai lelationship between the liability to pollution 
of soil and the percentage of oiganisms isolated show’ing the intestinal type of 
reaction 

It w'ould appeal that Eijkinan’s findings as to the distiibution of therrao- 
tolerant glucose fermenteis in natural souices wull not apply in their entirety 
to tropical conditions 


Survival of intestinal organisms in water and soil 

These experiments were earned out to ascertain anj differences there might 
be in regard to the relative «uivnal of lactose fermenteis at 37°C and glucose 
fermenters at 46°C in w'atei and soil contaminated wuth fsecal matter 

First watei eipenment — flask of tap-wmtei was heavily contaminated 
with a fresh human faecal emulsion Samples w'eie taken at intervals and 
tested for lactose fermenteis and by Eijkman’s test The results showm m 
Table II indicate a more rapid disappearance of organisms fermenting glucose 
at 46°C than of lactose fermenteis at 37°C 

Second water experiment — (Table III) The conditions were the same 
as m the first experiment except that the contamination wuth faecal emulsion 
was very light and the quantities show'ing lactose fermenters immediately 
after contamination were such as would frequently be found under natural 
cncumstances This experiment also show's the more rapid reduction of 
organisms giving a positive Eijkman’^ test The rapid divergence of the 
quantities in which lactose fermenters at 37°C and glucose fermenters at 46°C 
are present suggests that a close approximation of the quantities in which 
both tests are positive might be a useful indication of lecency of pollution 
Certain examinations made of highly polluted smface w'ateis which are described 
later in this paper tend to confirm this observation 

Earth experiment — ^Dried and powdered garden earth wms distributed 
evenly m Petri dishes and finely sprayed wuth a fiesh fsecal emulsion A small 
platinum loopful of the eai-tli w'as inoculated into media for tests for lactose 
fermenters and for Eijkman’s test daily or at longer intervals The results 
are showm in Table IV During the month over w'hich the tests were carried 
out the tests for both lactose fermenters at 37°C and glucose fermenters at 
46“C were positne on all occasions Practically all colonies tested gave the 
reaction, Citrate — M R + V P — 
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The tc«t‘^ i,\cic not done (luanlitalneh and it wa^- not po'.siblc to sa^ 
■u'hethci thcic ^\a‘^ am iclatuc lediution in the oigani^^ni'; gning a positne 
Eiikman’s te^^t The tcinpciatine of the lahoiatoi\ at the tunc of the cxperi- 
nient sho\Aod a mean of about 80°F and a dnnnal xanation of about 10°F 
The ob'^enations ^\clc not eanied fuithei hut sliou that organi'^nis feinienting 
glucose at 46°C lune a con^ideiahle penod of ‘juuixal undei the climatic 
conditions piesent 


EwMINATION Ol X\ \TI U ‘-WIPUn 

Examinations \\eic fii^t made of watei fiom ‘•hallow wdE, tanks and 
othei suiface colloctioim of watei (on‘-ideied liable to definite pollution For 
compaiison a sene'; of examination'- of tube-well watci- weie made which could 
be consideied to be safe fiom am diance of iiollution oi in «oine degree 
defective in this lespcct The <= 0110 - of ‘-ample- which wa- comidered to be 
of the gieatest impoitance foi oui puipo'^e- w i;; that from the Hlawga Lake 
ie‘:ei\oii, a txpe of watei -‘;upiil\ in lei^aid to wliieli the inteipictation of the 
lesults of bacteiiological examination- ha- alwa\- pie^ented considerable 
difficulties undei tiopical conditions 

A Shallow well samples 

A senes of =:amplcs fiom shallow wcIE wcie examined, quantities of 1 cc 
and upwaid- being put up 111 the ea'^c of the fust samples and latei samples 
being te'sted in quantities down to 0 001 ee 

The following aie the dctaiE of the wells and the lesults gnen b^ the 
bacteiiological examinations — 

No 1 Hlcnu Bazaai ucU — Buck and cement built with coping and 
nlatfoim Watei eight feet fiom ‘^uifaec Sunounded bx shops and houses 
Decomposing lubbish on giound 

Lactose feimenteis at 37°C piesent mice 01 loss 

Glucose „ „ 46°C „ „ 10 c c 

Colonies fiom lactose tube 6, Citiate — j\I R -f V P — 

No 2 Hlegii Hmchi temple well — Buck lined and pointed Unceniented 
coping and platfoini Watei foui feet fiom suiface 

Lactose feimenteis at 37°C piesent mice 01 less 

Glucose „ „ 46°C „ „ 10 c c 

Colonies fiom lactose tube 4, Citiate + M R — V P 

2, Citiate — I\I R -f V P — 

No 3 U San Kyaiv’s well, Hlegu — ^Biick lined, cemented coping 
platfoim Watei foiii and a half feet fiom suiface Diaiii wuth stagnan 
wmtei ten feet off and dwmllmg houses xvithm fifteen feet 

Lactose fermenteis at 37°C piesent in 1 c c 01 less 

Glucose „ „ 46°C „ „ 10 cc 
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Ko 4 DrtA Biaigalow well, Hlegu — Brick and cement lined with coping 
and platfoim Sinioundings co^eicd with isceds and vegetation Roadside 
dnin close hi Said to be leakage into well Watei one foot fiom surface 
Lactose feinientcis at 37°C piesent mice or less 

Glucose „ „ 46‘’C „ „ 10 c c 

No 5 Miningaoti well, Nangoon — ^Biick lined but uncemented Cement 
^coping No platfoim tVatei 30 feet fiom siirfaec Close to load and houses 
Bucket latrine vithin 20 yards 

Lactose fcimenteis at 37‘’C piesent mice oi less 

Glucose , „ 46°C „ „ 10 c c 

Colonies fiom lactose tube 4, Citrate + INI R — A'' P + 

2, Citrate — ]\I R + V P — 
Colonies fiom glucose tube 6, Citiate — M R 4- V P — 

No 6 U Da Han’s gaiden loell — Old veil with perished brick lining 
Broken dovn coping No platform Watei 50 feet from surface Suirounded 
b^ dccaMng -vegetation and weeds, but some distance from dwellings Used 
foi gaiden watering 

Lactose fermenteis at 37 °C piesent mice oi less 

Glucose ,, „ 46‘’C „ „ 50 c c 

Colonies fiom lactose tube 5, Citiate -f M E — V P + 

1, Citrate _ M R + P — 
Colonies from glucose tube 5, Citiate — M R V P — 

1, Citiate -f- M R — A'" P + 

No 7 Evpe>i?nental well boiing vi compound of Hygiene Institute — 
A «eiies of shoit tube-wells had been placed aiound a boi e-hole latiine to test 
the degiee of pollution occuirmg 

Lactose fermenters at 37''C piesent m 0 05 cc 

Glucose „ „ 46°C „ „ 0 5 c c 

Colonies from lactose tube 5, Citiate — M R -j- A^ P — 

1, Citiate -f- M R -)- V P — 
Colonies fiom glucose tube 6, Citrate — M R -f A^ P — 

A^o 8 Phoongyi Chaung well, Boundaiy Road — ^Biick and cement lined 
'Mtli coping and platform AA''atei 15 feet fiora surface Close to shops and 
in duty surioundmgs 

Lactose feimenteis at 37°C piesent mice 

Glucose „ „ 46‘’C „ „ 0 1 c c 

Colonies from lactose tube 5, Citrate -f AI R — A'' P -f- 

1, Citrate — A4 R -f- A'' P — 
Colonies from glucose tube 5, Citrate -f M R — V p .j, 

1, Citiate — AI R 4- A'" P — 


E?}liiia}i\ Tc'^t Apphcfl to IVfth i -^iipphr^ in thr Tiopics 

No 9 Well VI cninpounrl No 202 Bonnihvii lionrl — Well built ^\ith 
cement lining, coping and jdatfnun Watei 30 feel fiom suiface Sunound- 
mg^; fanh cleai l)nt tenant'-’ (luailet- u it Inn 2j feet 

Lactose fenncntei- at 37"C' pic‘-cnt in 1 c ( 

Gliico'=e , 4r)°C ,,1(0 

Colonies fioin Kuto^e tube .1, C'ltiatc — IM It -f V P — 

J ('ill ate + M P — Y P 4- 
Colonie^ fioni gliuo^-c tube o, C’lti.ite 1(1 R — Y P -f 

L Citiate — MR + Y P — 

No 10 Well at 11 iinlr Piotne Roorl — Old biuk lining unceinentccl 
Biokcn coping Xo jdatfoini Situated on lo.uLidc N\itliin a feu feet of houses 
Y'atei foui feet fiom ''Uifacc 

Lactose fcimentei^ at 37°C pi(-ent in 0 05 cc 

Glucose „ 46°C 0 5 c t 

Colonic^ fiom huto^c tube 4 Citiatc -f- M R — Y P + 

2 C'lti.itc — M R + Y P — 
Colonies fiom gluco‘-e tube 4 C'ltiatc — MR — Y P + 

2, C’ltiatc — M R 4- V P — 

All the«:c ^amjile^- ueic fiom ^Iiallou uclL and m the case of the inajontv 
of them the '=uiiounding« ucie «ucli a= to indicate the exticmc llablllt^ of 
pollution Lactose fcimentci^ ucic pic^ent m 1 cc oi les^ in all samples and 
a piopoition ot the lactose feimentei-' isolated fiom them slioued the intestinal 
type of leaction, mz , Citiatc — M R 4 - Y P — 

Oigani'Jins feimcntmg glucose at 46'’C ueie picsent m 10 cc 01 less m 
all samples uith the c\cc])tion of Xo 6 in uhich they ueie piesent in 50 cc 
onlj’’ Thi<5 uas a uell uhich although m untuh suiioundmgs uas of consider- 
able depth and did not appeal to be likeh to icccnc gioss immediate conta- 
mination fiom human 01 animal souices 

Sample No 7 uas obtained fiom an c\pciimental souice 111 which condi- 
tions leading to latiine contamination had been '^pccialh dcMScd and showed 
theimo-toleiant glucose fcimentci*? in 0 5 cc, the colonies fiom the glucose 
tube being all of the mtc'^tinal t'spe ^YhlIc on the uhole the lesults uith the 
citiate utilization and methyl-icd tests coiiespond uith the local encumstances 
of the samples the lesults ueie by no means icgulai and the piopoition of 
colonies showing the intestinal tjpe of icaction did not aluays coiiespond uith 
the lelatiye degree of pollution to which the souice of supply uas liable 

B Tanks and other unprotected surface waters 

A fiew samples weie obtained fiom tanks consisting of suiface collections 
of watei retained by embankments, of which some weie used as souice of dim 
mg watei -supply Other casual watei and roadside samples aie included m 
this senes 
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No 1 Hlegu East Village tanl. — ^Unpiotected by fencing High embank- 
ment around No platfoim for drawing wmter Individuals w'alk into tank 
to draw watei Size 140 feet by 60 feet 

Lactose feimenteis at 37°C present mice or less 

Glucose „ „ 46°C „ „ 10 c c 


No 2 Hlegu Chcttiai's temple tank — Piotected fiom animal tiespass by 
bamboo fence Full of weeds and vegetation No platfoim for drawing wmter 
Water drawn bj wading into tank 

Lactose fermenteis at 37 °C present mice or less 

Glucose „ „ 46°C „ „ 10 c c 


No 3 Theatre Road tank — Surrounded by partial embankment Liable 
to lecene road and surface diainage Not used for drinking 


Lactose feimenters at 37°C 
Glucose „ , 46°C 

Colonies from lactose tube 
Colonies from glucose tube 


piesent m 0 5 c c 
„ „ 5 cc 

6, Citrate jM R — V P -|- 
6, Citrate — hi R V P — 


No 4 Cantonment Garden Lake— Not embanked Receives road and 
surface drainage 

Lactose fermenters at 37 °C present in 0 1 c c 

Glucose „ , 46°C „ „ 10 c c 

Colonies from lactose tube 5, Citrate + M R — VP -f- 

1, Citiate — M R -1- V P — 


A'o 0 Pond beloii Pagoda in centie of cattle gtazmg giound — 


Lactose fermenteis at 37 °C 
Glucose „ „ 46 °C 

Colonies from lactose tube 

Colonies from glucose tube 


piesent in 0 5 c c 

„ „ 1 c c 

3, Citrate — M R -J- V P — 

6, Citrate -f- M R — V P -f- 

6, Citiate — A'l R -f- V P — 


No 6 Roadside drain, Hanthawaddy Road — In front of shops and 
dwelling houses Recedes rubbish and othei polluting matter fiom shops 

Lactose fermenters at 37 °C present m 0 001 c c 

Glucose „ „ 46°C „ „ 0 001 c c 

Colonies from lactose tube 6, Citrate — AI R -J- V P — 


A'o 7 Roadside dram, Boundaiy Road — ^Recenes surface diamage 


Lactose fermenteis at 37°C 
Glucose „ „ 46° C 

Colonies from lactose tube 

Colonies fiom glucose tube 


piesent in 0 01 c c 
„ „ 0 01 c c 

5, Citrate — AI R V P — 

1, Citrate -f AI R — V P -f. 

6, Citrate — AI R -j- V P — 
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Lacto'jc fci 1110111015 Moio pio^oiit in 1 o o oi lo^c m all samples and in 
sinallei quantities iilion to'-tod CJIncoso foinunlei= i\oio jiioscnt in 10 cc 
m all samples and in quantities down to 0 001 ( ( in sonic rases when the 
souice was obiioush liable to hcaw pollution The incidence of tlicrino- 
toleiant glucose fciiiientei-' was m a fan dcgicc piopoi tionate to the relative 
chances of leceiit pollution None of the snuiccs (oiild be considered safe for 
chinking watci-siqiph in \iew of then local c ntnm-tanccs 

C Tube-well samples 

A senes of samples fioni tubc-wclIs in and aiound Il.ingoon weic examined, 
the samples being collected diicct fiom the tanks into which the water was 
pumped Quantities up to oO c c weie as a iiile examined but larger quan- 
tities aeie tested in some instances 

] IVindci mcic Prnh 1 ubc-ucU — This ]>. a good well in satisfactory 
suiioiindings ^upphing the hoiisc'- of a Goxcinment c-t ite It was constiiicted 
m 1922 and has .i depth of 85 feet and a delncix of bOOO gallons pci hour 

1st sample 

Lactose feimenteis at 37°C absent fiom 100 cc 

Glucose . ,, 46°C „ 100 cc 

2nd sample 

Lactose feimenteis at absent fiom 100 cc 

Glucose „ „ 46°C „ „ 100 cc 


3id sample 

Lactose feimenteis at 37°C picscnt in 50 c c 

Glucose „ „ 46°C absent fiom 350 cc 

The watei is of a high stanclaicl of bactciiological puiity The presence 
of lactose feimenteis m 50 c c in one sample cannot be considcied to be o 
any significance in view of the icsults of piexious examinations and the absence 
of theimo-toleiant glucose feimenteis fiom 350 cc 

2 Kemmendine Tnbe-ivell — A wmll of high capacity opeiated by a 
piivate film pumping into the mams supplying one aiea of Rangoon 
wmll IS modem and of good constiuction 

Lactose feimenteis at 37°C absent fiom 50 c c 

Glucose „ ,, 46°C „ „ 50 c c 

3 Lcpei Asylum Tube-well — A small well constiiicted in 1922 Depth 
118 feet and capacity 1,930 gallons pci lioui 

Lactose feimenteis at 37°C absent fiom 50 cc 

Glucose „ „ 46°C „ „ 50 c c 
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4 Ranqoon Jml Tube-well — Thi'? well was constiucted in 1910 and has 
a depth of 165 feet and a Mold of 3,300 gallons pei houi It is repoited to 
ha\e no defects but the pumping lc\el is 271 feet and the lest water-level 
11 feet This well has not alwa^s gnen a<5 good lesults a^ should be expected 

Lactose fciinenteis at 37°C jnesent in 10 cc 

Glucose „ „ 46°C absent fiom 50 c c 

Colonies fiom lactose tube 3, Citiate -f- M R — VP -j- 

2, Citiate — M R V P — 

1, Citiate -f M R + V P — 

The piesenee of lactose feiinentci*; in 10 t c of this tube-well watei might 
be considered suspicious and the txpc of colony picsent might suggest the 
occuirence of some degiec of jiollution 

The negatnc Eijkman tc«t m 50 c e howeier would indicate that at the 
time of taking the sample no daiigeiou< pollution was occuiimg 

5 Kijundau Tube-uell —T\m well supplies one aiea of Rangoon city, 
pumping into the mains It wa-- constiucted in 1927 and has a depth of 115 
feet and a jield of 3,500 gallons pei hour 

Lactose feimenteis at 37°C piesent in 10 c c 

Glucose „ „ 46°C absent fiom 50 c c 

Colonies from lactose tube 6, Citiate M R — V P -f- 

The presence of lactose fermenteis in 10 c e might be consideied unsatis- 
factoiilj in a tube-well but the results of Eijkman’s test confoim with the local 
circumstances of the w'cll which aie good The w'ell would not appear to be 
liable to pollution and the Chief Engineei states that it has no defects 

6 Ahlone Tube-xeell — ^This an old well made in 1904 to a depth of 
230 feet giving an average yield of 8,000 gallons pei lioui The w'atei is 
pumped into the city mains It is situated in unsatisfactoij suiioundings in 
the vicmita" of a night-soil depot 

Theie is no recoid of the well haiing been cleaned since its constiuction 
and it has not been examined for defects It is suggested that the piping inaj'^ 
haie become poious fiom age 

Lactose fermenters at 37°C piesent m 5 cc 

Glucose „ „ 46°C piesent in 25 c c 

Colonies from lactose tube 6, Citrate — MR -f V P — 

Colonies from glucose tube 6, Citrate — M R -f V P — 

The lesiilts of the Eijkman test would suggest a stiong suspicion of defect 

and contamination of this well and the colony chaiacteristics wmuld strengthen 

such suspicion 

7 Umveisihj Estate Tuhe-uells —Tv,o w’ells piovidmg the main portion 
of the supply weie examined These w^ere situated close to each other in a site 
free fiom habitation which ha« recenth been cleared from jungle and in which 
there is no source of pollution The wells were constructed m 1927 and aie 
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of 12 inch diainctci "Well Xo 1 lia‘- n depth of 123 feet and a yield of 
8,000 gallon^ pei lioiii AVcdl Xo 2 lias a dcjith of 144 feet and a yield of 
9,500 gallons pci honi Thc'-c well'' fioni then coii'-ti notion and siiiroundmgs 
can be ton'-ideicd to be fiec fioiii ii'-K'' of (ontannnation 

n ell Xo i 

Lacto'-c fcinientei'' .it 37°C pic-ent in 10 t i 

Glucose ,, , U)‘’C „ „ 100 ( ( 

Colonics fioin lactose tube 3, Citiatc — M R -f V P — 

3. Citiatc -f M R -f V P — 

Colonics fioin glucose tube (>, C’ltiatc -{- jM R — V P 

11 ell No 2 

Lactose fciinentcis at 37°C pic-cnt in 10 i i 

Glucose , , 46°C . 100 ( i 

Colonies fioin lactose tube 0. Citiatc — jM R + ^ V —■ 

As in picMOiis samples the picsencc of lactose fermenters in 10 cc of a 
tube-well watci would be su^puiou" and some of the colomc= wcic of the type 
gniiig the icactions usualh slmun b\ intestinal oiganisms The Eijkinan’s test 
positne in 100 cc Init not in lc=sci riuantitics would rcino\c suspicion of 
contamination which is m line with tlic findings as to the local cncumstances 
of these wells 

In this senes of tube-well watci samples all c\ccpt one well m which 
theie is suspicion of defect ga\e a iiegatuc Eijkman’s test in 50 cc In two 
samples fiom wells which aic abo\c suspicion the test was positne in 100 cc 
but not in lessci quantities Xcgatnc lesults in 100 cc and up to 350 cc 
weie shown in some samples The tests foi lacto«c feimenteis ga^e varnng 
lesiilts and these oiganisms weie ])icscnt in 10 cc in samples fioin wells free 
fiom suspicion of pollution 

Lactose feimenteis weie piescnt in 5 cc in the Ahlonc tube-well wind 
also show^ed all colonies tested to give the icaction, Citiate — M R -p V P 
This IS an old and piobabh defectnc well badly situated 

The piesence of lactose feimenteis in 5 c c of this well watci coinpaie 
with then piesence in 10 c c of the Unncisity Estate wells would not sugges 
much diffeience betw^ecn these but the Eijkman’s test being positive in 25 cc 
in the foimei and negative in lessei quantity than 100 c c in the tw'o a^^^^ 
w^ells gives an indication of possible pollution wdiich is in accoi dance wutii 
lelative iisks of these souices of supph The colon}'' chaiacteiistics do not lep 
in diffeientiating the qualities of these wateis t 

The Eijkinan’s test would appeal to be a bettei guide to the occiinence 
pollution in these wells than the othei tests applied The wide 
oiganisms feimenting glucose at 46°C in the conditions pi evading m 
and the vicinity appeal to necessitate a lowei standard foi these organ 
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than ^^ould l}c acceptable m Euiopc and we suggest that a suitable standaid 
foi tubc-uell A\ateis in the tiopits is ‘ Eijkinan’s test to be negatuc m quanti- 
ties less than 100 c c ’ 

D Hlawga Lake reservoir samples 

Hlawga like foims the mam souicc of the piped watei -supply of Rangoon 
The lake is situated about 17 milc^; fiom the city and has been aitificially con- 
stiiictcd bi the foimation of an embankment between Iom lulls It drams a 
catchment aiea of 10 3 squaic miles and has a -natei “spieacl of 3 9 square 
miles The condition^ m the catchment have aheady been desciibed m con- 
nection with the examination of soil samples and it can be consideied to be 
very well piotected and little liable to tiespass oi pollution As has been 
noted, in spite of the piotected nature of the catchment aiea, 90 pei cent of 
‘'Oil sample's fiom it showed the piesence of lactose feimenteis and 70 pei cent 
ga^e a po'sitne Eijkman’s test It is obvious that, especiallj m the season of 
heaiT* monsoon lains, the^'C oigamsms must be waa'^hed into the lake and their 
piesence would not necessarily indicate pollution of lecent oi dangeious natuie 
An examination of watei samples fiom this souice might be expected to 
show the normal limit® wathm wdiich certain types of organisms may be present, 
apart fiom pollution, in a piotected upland suiface watei m the tropics 
Sixteen sample® weic examined over a period of about twm months and the 
lesults aie shown in Table V Laigei quantities than 50 c c vreie not tested 
The results with the tests for lactose fermenteis at 37°C were very 
iiiegular These organisms w'ere present in quantities varying fiom 0 5 cc 


to 25 c c as under — 

Quantity m which No of 

pre®ent sample® 

25 c c 1 

10 c c 6 

5 c c 4 

1 c c 3 

0 5 c c 2 


The follow'ing aie the percentages of the colonies examined w'hich were 
obtained bv plating out on MacConkey agar from the positive lactose tubes 
gnmg different t-spes of leactions with the citiate utilization, methyl-ied 
and Voges-Pio«kauer tests — 


Citrate 

M R 

V P 

Percentage 

of 

_ 

+ 


colonie® 

49 

+ 

— 

+ 

32 3 

4“ 


— 

18 7 



CotoM^s iiiOM I \CT0Sf ruiiF I CoroMES rnoM glucose tube 
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The high pcicenHge« of organisms giMOg leactions nhich are similar to 
those slioiMi b^ oiganisms of intestinal oiigin might suggest the occuirence of 
pollution fiom human oi animal somces but fiom the desciiption which has 
been guen of the catchment tiiea it mil be appaient that such pollution is 
cxtiemoh unlikeh and could ceitainh not be icsponsible for the lery marked 
laiiation m the icsults gneii both b\ the tests foi lactose fermenters and for 
the tipcs of oigamsms jnesent If Table V be examined m detail it will be 
seen that the quantities m which lactose feimenteis are present have no coi- 
lelation with the pie«encc of oigamsms gnmg the reactions which are consi- 
deied to be of the intestinal tipe Foi example, sample ISlo 2 shows lactose 
feiinentei« piesent m 0 5 cc but no oigamsms giving the reaction, Citrate — 
]\I R 4- V P — while in the case of sample No 10 in winch lactose fermen- 
ters aie onh piesent in 10 c c all colonies tested weie of that t5pe A com- 
parison of othei samples would show similai difterences The results wath the 
Eijkinan’« tc'^t aie, in contrast, leii legulai Glucose fermenters at 46‘’C are 
either absent from 50 c c or present in this quantlt^ but not in lesser amounts 
except in the case of sample No 5 which was collected bj wading into the lake 
and in the process a certain amount of mud was stirred up The other samples 
were collected bi boat at the intake 

In the samples ni which the Eijkman’s test was positive in 50 c c the colony 
leactions railed The logulaiitr of the icsults with the Eijkinan’s test is in 
confer initr with oui obsenations on the local conditions wdneh show' that this 
supplr IS not liable to dangeious pollution oi to marked variations in risks in 
tins regard Anr serious pollution would be expected to lesult in consideiable 
raiiations in the quantities m which the Eijkinan’s test would be positire In 
new of the results of examination of soil samples from the catchment area 
it rvould be expected that oigamsms feimenting glucose at 46°C would be 
present in the water in some piopoition and the results of these tests would 
suggest that a suitable standard of puiitj foi a piotected upland surface watei 
of this nature in the tropics would be ‘ a negative Eqkinan’s test in quantities 
less than 50 c c ' 

Discxjssiox 

The examination of soil samples m Rangoon and the vicinity has show'n 
the almost universal distribution of organisms fermenting lactose at 37°C 
Organisms fermenting glucose at 46°C were also widely distributed but were 
found m a somewhat smaller pioportion of samples Both types of organisms 
were found under conditions in which there was no likelihood of recent con- 
tamination from intestinal sources and even wheie there were special measuies 
of protection against fsecal pollution Of the lactose fermenters isolated from 
sod, a considerable proportion ga\e the reactions with the citrate utilization 
nietlnl-ied and Voges-Proskaiier tests iisiiallv considered to be tipical of coh 
of intestinal origin 

Experimentalh both lactose feimenters and organisms fermenting glucose 
at 46°C were found to hare a prolonged period of siirvnal in sod 
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Undei the ciiciiin^tanee^ it to b( expi cted tliat lioth liuto‘'C fermonters 
and oigani-'ii)^ giMiig •> po''iti\e Eijknnn^ t(’‘'t \mI 1 be found in «()nie proportion 
in iiateis of "Uiface oiigin in the aiea of I>o\\ei liuinia in which tlic tc^ts were 
earned out e\en if collected fioin {atdiinent aiea‘' not liable to pollution The 
senes of examination^ c allied out on the watd of the Illawga Lake lescnoir 
which 1" ii well piotectcd ‘•ouice of watci-''Upph of '•uiface oiigin were under- 
taken in oidci to a'-ceitain what weie the ordinal \ liinits of lactO'C fcinicnter: 


and oigani'-im gning Eijkiiian tc^t and to what extent the-e tC't*: corre- 
■'ponded with "aiiitan eiicuni^tance" ol the ^tippK The \oluiiie of the lake 
and the \ei\ ininoi po-'''ibihtie^ of (a'^ual pollution make it iinhkch that con- 
tamination fiom mte'-tmal souice" could piodun aii\ maiktd lariatioin in the 
content of lohjoim oiganibni'- fiom ‘'Ucli -oukc-' but at the tune of the obscr- 
^atlon^, dm mg the heaw '-outh-we•^t niomoon gioimd wa‘'hing5 from the 
piotcctcd catchment aiea the '•oil of which ‘•how- a wide distnbution of lactose 
feinieiitci- and oigani-m- guing a po-itnc Lijkmaii’- te-t might lesult in an 
mcieasc m bactciial content It was lound that lactosc feimcnteis were 
piesent m ciuantitics \.u\mg fiom 05 c( to 25 c c m samples taken at 
liequent mtenals o\ci a penod of two months A \ar\mg degiec of marked 
pollution fiom mtestmal souice- to gi\o such change- could not ha\e occurred 
The t}pes of oiganisins picscnt did not ha\e the coiicspondciice with the 
quantities in which lactosc feimcnteis weie incscnt which would be expected 
li contamination was of intestinal oiigin For example, one sample showed 
lactose feimcnteis m 0 5 cc and all colonics tc«tecl ga\e the leactions, 
Citiate -f INI R — V R -4- while fiom another showing lactose fermenteis 
m 10 c c all colonics wcic Citiatc — INI R P — The icsults with 

Eijkman’s test weie on the othci hand aci} legulai, this test being either 
negatne in 50 c c oi positne m that quantity but not m Icssei amounts It 
would be leij difficult to gne an opinion of the sanitai} ciualit> of this watei 
on the lesults of the tests foi lactose feimcnteis in mcw of the wide ■\aiiations 
almost fiom claj -to-cla} , and the tjpes of oigamsms isolated aie also of little 
assistance The legulaiity of the icsults with the Eijkman’s test aie in confor- 
mity wuth oui estimate of the iisks of pollution and this test would appeal to 
fuinisli a true indication as to the quality of the watei We ha^e shown that 
oigamsms giving a positive Eijkman’s test weie piesent m a consideinble pio- 
poition of samples fiom well jnotectecl paits of the catchment aiea and we 
must accoidinglj^ expect to find some oigamsms of this tjpe m the wmtei A 
Euiopean standaid foi Eijknian’s test is piopeily not applicable and we suggest 
that a suitable standaid foi suiface wmteis of this type in the tiopics would be 


' Eijkman’s test to be negative in quantities less than 50 c c ’ 

Foi compaiison we have tested a senes of shallow^ w'cll wmteis and suiface 
wmters liable to pollution In all cases Eijkman’s test was positive m 10 cc 
Ol less and wdieie gioss pollution wms piesent the test was m some cases positive 
in as small a quantity as 0 001 c c When positive m small quantities the 
tests foi lactose fermenteis w^ie positive m similai amounts, a point which 
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Ind a]lcad^ been mentioned in legaid to lecenev of pollution In some cases 
the tests foi lactose fciinenteis in shallow wells liable to pollution were positive 
mice only yhich is no laigei quantity than wa=5 sometimes found positive in 
samples of the piotected Hlawga Lake vatei and this test alone would not 
gne mfoimation of an^ ^alue in a compaiison of these supplies In the same 
samples the Eqkman’s test v as positn e m 1 c c oi less indicating definite and 
probabl} recent pollution while m coiiesponding Hlawga Lake samples the 
test would not be positive in lessei qiiantitj^ than 50 c c In these shallow^ well 
and surface waters also the colon^ cbaiacteiistics did not give as definite an 
indication m confoimity with the iisks of pollution as Eijkman’s test 

An examination of tube-well watei samples bas showm that well-built w'ells 
free from anj suspicion of defect will sometimes show' the piesence of lactose 
fernienteis in 10 c c which would not be a satisfactoiv finding undei Euiopean 
conditions Eijkmaii’s test was found to be negative m quantities less than 
100 cc except in the case of one well w'liicli was ^elv old and undei strong 
suspicion of defect In this well the piesence of lactose fermenters m 5 c c 
and a positn e Eijkman’s test m 25 cc would diiect attention to the suspicion 
of some degree of contamination We would suggest the standaid for tube-w'ells 
m the tropics as ‘ Eijkinan’s test to be negative m quantities less than 100 c c ’ 
The results of our examinations of these watei -supplies show' that, fixing the 
standards suggested, the Eijkman’s test gives information as to the occuirence 
of pollution closely corresponding to the degree of risk present and that a more 
definite opinion can be given on this one test than on the tests for lactose 
fermenteis or types of colonies isolated and =ubmitted to special tests 

Conclusions 

1 Organisms fermenting lactose at ST'C aie almost univei sally distri- 
buted m the soil of Low'ei Burma in the area m w'hicli the tests w'ere earned 
out Organisms fermenting glucose at 46'’C were also widely distributed but 
to a lesser degree Both types w'eie present m samples obtained from sources 
not liable to pollution of intestinal origin or even specially protected 

2 Organisms giving a positive Eijkman’s test have prolonged period of 
survival m soil under the climatic conditions prevailing These organisms are 
reduced in number m w'atei more rapidly than lactose fermenteis The pre- 
sence of both types m equal small quantities of water would appear to be an 
indication of recency of pollution 

3 Tests of water samples from protected sources and from sources liable 
to varying degrees of pollution have shown that the Eijkman’s test gives an 
indication of the sanitary qualitx of the water closely m correspondence w'lth 
the known risks of pollution and of more definite value than the tests for 
lactose fermenters at 37°C or the character of the organisms isolated and 
tested by means of the citrate utilization, methyl-red and Voges-Proskauei 
tests, 
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4 AVc “suggest the following ‘'(niKlaifK foi \\alcr'- in the tiopic': — 

(o) Suifaco watci- and ^hallow welK — ‘ ICijkinan’'- le-^t to be negative m 
quantities of watei hs-^ than oO t { ’ 

(b) Tube-■\^elIb — ‘ Eijkinan's te-t to be negatne in quantities of vater 
less tlian 100 c c ’ 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 

PHLEBOTOMUS 

Part XXVIII. 

PHLEBOTOMUS PURII N SP 

BV 

Major J A SINTON; i m s 
{Malaria Survey of India, Kasauh, Punjab) 

[Receu ed for publication, No\ ember 8, 1930 ] 

The species here described brs collected in the Darjeeling District of the 
Bengal Terai during August 1928 The specimens were captured in cavities 
in large trees in the middle of dense forest These cavities were close to the 
ground The insects were found in association with both se\es of P zeylanicus 
Annan and vith a number of males of a species resembling P squamiro$tn& 
Newst 

Careful examination showed these specimens to be quite distinct from any 
of the other species of Phlebotomns hitherto described from Asia I have much 
pleasure in suggesting that this species be named Phlebotomus punt after 
Dr I M Pun, who so kindly collected the insects for me 

Specimens of both §e\es were received from Sukna, Tmdharia and Marian- 
bari, which are situated m the forest at the base of the Himalavan foot-hills m 
the Darjeeling District of Bengal 

Phlebotomus purn (?) 

To the naked eye the insect is a medium-sized Phlebotomus of a dark 
brov,n, almost black, colour When examined under the microscope it is seen 
to belong to the ‘ recumbent-haired ’ group The integument of the whole body 
IS almost black, iexcept that the sides of the thorax are lighter, being a dark 
grey The hairs of the abdomen, thorax, palp, etc , are very dark brown, 
almost black The abdominal hairs are abundant and sleeklj arranged on the 
dorsum of the abdomen, those on the venter are slightlv ruffled The wing has 
a bluish iridescence, and the hairs are verx’’ dark The halteres are black, 

L MR ( 1203 ) 10 - 
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Tlie legs look blnek in ^oinc light's, wjnle in others tlic\ lm\o .t «i1\w -vellow 
appearance 

In the chv state, both eexe*- of this ‘specie-' could he separated from the 
othei speeies piesent in the collection h\ the arrangement of the hairs on the 
antennae The lnaJOllt^ of the antennal hairs m PJilchotomm project at an 
angle of about 4o° fioin the antenna? (Plate LXVII, fig 10), while in this 
species the^ he elose to and almost paiallel with it (Plate LXVII, fig 9) 
Appeal ances m Stained and Mounted Specimens 

The measuiements of the t\pe and four cn-t\pe females are given in 
Table I The tvpe specimen and thiee cn-t\pes came from Sukna and the 
fifth from Marianbaii 

The total Icnqth of the insects was fiom 2 53 to 2 73 mnis The shape 
of the cicatiices on the abdomen confirmed the recumbent character of the 


dorsal abdominal hairs 

The buccal cavity (Plate LXVI fig 5) has nn armature of about 20 teeth 
arianged in a ciined low These me separated from each other and well 
de\ eloped The pigmented area is naiiow ami elongated 

The pharym (Plate LXVI, fig 4) is comparatnch slender Its length i= 
almost thnee its greatest bicadth and its nan owe"! portion is about half the 
width of the bioadest pait The ai mature is inconspicuous and consists of a 
senes of tIans^ersc iidges with senateil edges jiointmg posteriorh A few of 
the inoie anteiior of these ridges end in slcndei spmes The ratio palp oier 
epiphannx a\erages about 3 3 The latter structuie is comparatnelv short 
and stout 

The antennee (Plate LXVI, figs 7. 8, 9 and 10) hn\e paired geniculate 
spines on segments III to XV inclusne, those on the proximal segments are 
comparatively shoit, while those on the moie distal ones reach as far as the 
succeeding inter-segmental articulations The geniculate spines aie usualh 
difficult to distinguish because of the numerous modified hair-hke scales hmg 
parallel with the stem of the antenna (Plate LXVII, fig 9) Some of thes» 
spines show' a small basal projection (Plate LXVI, fig 10) as described ^ 
Nitzulescu (1930) in the Ameiican species, P. tioglodyte'i The length 
antenna is great but smallei than that of the male It is about 6 times le 
length of segment III and 5 times that of segments XII to XVI Segment 
]s veiy long and surpasses the end of the pioboscis bv about one-third o is 
length This segment is shorter than the combined length of segments I 
V and also that of segments XII to XVI ,, 

The palp (Plate LXVI, fig 2) has a foimula of 1, (2, 4), 3, 5 j 
relative lengths of the different segments averaged 5 1, 10 1, 13 1, 10 
Newstead’s spines are situated on the middle third of the 3rd segment an a 
about 40 in number 

The wing (Plate LXVI, fig 1) is broadly lanceolate and about 3 
as long as broad a. is almost equal to J3, wdiich is about one-fourti gr 
than 7 The ratio S over a is about 0 55 
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- r f 1 Table I 

Phlehototmts pum ( $ ) 




Lengths in nims of 
specimens number — 



Sfnicture 






Ratios, relntn e lengths, formulee, etc 


1 

2 

3 

_ 

4 

5 


Head and ch pens 

Bin 


0-385 

0385 

0385 


Thorax 



0714 

0640 

0-657 


Abdomen proper 


1-414 i 

1417 

1314 

1457 


Sup clasper 



0170 

0170 

0170 


Total length 

2-55 

2-67 

2-73 

2 51 

2 67 


Phar^•nx, length 

0’171 

0-168 

0168 

0166 

BHI 

= 2-7-2-9 X breadth 

Phaixnx, breadth 

0-000 

0003 

OOCO 

0057 


P P 

Epiphamix 

0-lCS 

0170 

0-105 

0165 

IS 

— = 2 22-2-38 —=3-17-3 44 

L E 

Labium 

0-243 

0-243 

0243 

0228 

0-243 


Segment in 

0-300 

0330 

0315 

0324 

0294 

III<IV + V IV>V>M 

Segment IV 

or 175 

0180 

0174 

0183 

0174 

in < XII-XVI 

Segment V 

0-162 

0-180 

0168 

0-177 

0165 

2 

Segment VI 

0153 

0162 

0162 

0165 

0147 

Formula 

Sega Xn-XVI 

0r375 

0384 

0384 

0387 

0363 

III-XV 

Total length 

1870 

2-000 

1-943 

2-000 

1790 

= 6-03-6-23 X nird, 






4 9-517 X XII-XVI 

Segment 1 

0-048 

01048 

0045 

0042 

0-048 

Formula, 1, (2, 4), 3, 5 

Segment 2 

Segment 3 

0-OS7 

0093 

0090 

0090 

0093 

Relatn e lengths, 5 1 , 101 , 

13-1, 10, 23-1 

(ril7 

0119 

0120 

0114 

0120 


Segment! 4 

0-084 

0093 

0090 

0090 

0090 

= 2nd 

Segment 5 

0^14 

0213 

0195 

0186 

0228 


Total length 

0-546 

0566 

0540 

0522 

0579 


1 

Length 

Breadth 

2-000 

2-028 

2-057 

2-014 

2-000 

= 3*33 X breadth 

0-580 

0-600 

0614 

0600 

0-600 


1 a 

i 

, 0-428 

0385 

0371 

0371 

0428 

-^= 086-1 20 JL~ 1 18-1 37 

P y 

1 

0357 

1 

0385 

0 430 

0414 

0385 


i ^ 

0300 

0314 

0314 

0314 

0314 

= 1 20-1 45 '-i = 048-068 

V t, 

1 

I ^ 

1 

1 0-257 

0200 

0185 

0178 

0250 

-^=074-077 -^=182-2-05 

t c 

* 

0r557 

1 

0514 

0500 

0485 

0557 

1 

1 « 

1 

1 014 

0970 

1-014 

1000 

1014 


T 

j 0-143 

0128 

0128 

'OlOO 

0-085 

1 
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Notes 0)1 So))ie India)) Npecie^ of Plilobotoiniis 
Taulh I — conoid 


1 

1 


I.enplli' 

' m miii‘- of 





‘■penmens niiiiiber — 


R itio- relit i\e lenplli’ {ormiilo'.c 

Structure 






1 

2 

3 

4 

r> 

Femur 

(rsoo , 


1 

0-.S2S 

n-soo 

0-770 

‘■ep’ 2-5 

Tibm 

1 2SG 

■Q9 

1 in ' 

r2')7 

1 213 

= 1 G X femur, 2 X 1 

Tarsus, sep 1 

0G2S 


0rGr>7 

0-C2S 

O-G-1.3 


Tarsus, seps 2-’5 

0-770 

o.soo 

o-soo 

P7.S.-, 

! (r7.>7 


Total icnptli 

3- IS 


3-G3 ; 

3 17 

' 3-11 

1 


Sperm , lenplli 

0-0G3 


0-0G3 , 

o-oco 

} 0003 

= 3 X breadth 

Sperm , bieadth 

0-021 


0-021 1 

i 

, cro 20 

[ 

j 0-021 

\ 


The Innd Icq 1 “? miicli longci than the horh Tlic fcmnr slighth longer 
than tai'ial ^ogmcnt^: 2-5 Tlic tibia i-; about twice the length of tarsal 
‘segment 1 and about 1 6 time« that of the femui 

The sponiathcca (Plate LXVI, fig 3) i^ elongated, gradualb merging 
into a wide duet It i<5 thin-w ailed and in ^oine epeeimen's it 'how': a slight 
tendene\ to faint eieniilation at it*; di'stal end Tin*' reseinble'; the spermatlieca 
of P (c/ Sinton, 1929. fig 111 

The po^t-qoutnl plate (Plate LWT, fig 0) came*; 4 oi 5 =pincs 


Phlehoto)nuf pioii ( d ) 

Specimen': of tin*: ^ex weie obtained fioin Sukna, Mananbaii and 
Tindhana 

It m a incdium-'^ized Phlcbofotmi^i of the leeumbent-haiied gioup bs 
geneial appeal anee i« daik hi own oi gicM*;!! blown but is not so daik as the 
female The eves are blaek The integument m blown oi dark gieiish brown, 
except foi the sides of the thoiax which aie light giev The doisal abdonnna 
haiis aie reeumbent, but tlio^e on the xentei aie inclined to be semi-erect an 
tufted segmentally The haii'; of the bod^ aie golden biown The wings haie 
a bluish golden iiidescence The legs aie daik biown with sihen reflections m 
some lights The antenna? aie daik giev with eloseh applied scales ' 
halteres are blaek 


Appeal anees in Stained and Mounted Specimens 


The measuiements of the type and foiii co-type specimens aie 
Table II The type and thiee co-tx^ies w'eie collected at Sukna, wine 
ot|ier co-type came from Tindhana 

The total length of the insect is about 2 4 to 2 9 mms 
The buccal cavity (Plate LXVII, fig 8) has a small, but 
thin, elongated pigmented aiea The buccal teeth are sepaiated j^ot 

in a single curved row of about 14, The pfiaiym (Plate IiXYH, 
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T;Vbl.e II 


Phlchotomus picrii ( d ) 





Lengths m rams of 
specimens number — 




Structure 






Ratios, relative lengths, formulse, etc 



1 

2 

3 ^ 

1 

4 j 

1 ' 

5 


Head and chpou<; 

0-343 

0-343 

(7357 

(7330 

t 1 

0-314 



Thorax 

0-543 

0570 

0600 

0-530 

[ 0-485 1 


^3 

Abdomen, proper 

1485 

1 157 

1570 

1 143 

1 600 1 


n 

Sup clasper, soR 1 

0r414 

(7426 

(7408 

(7396 

0414 1 



Total length 

2-S 

2-8 

2-93 

2-4 

1 2-8 ! 



Pharr nx, length I 

onso 

0*147 

0144 

0*147 

(7150 

= 3*12-3 3 X breadth 

JC 

Pharr n\, breadth i 

(r04S 

0 045 

0-045 

0*041 

(7045 

P P 

6 

Epipharj irx j 

fflSO 

(7156 

0-150 

0-150 

0153 

— = 2 40-2-45 — = 3-2-3*33 

s 






L E 


1 Labmm 1 

1 

1 0 200 

1 i 

0207 

0200 

0 200 




Segment III 

(y450 

0-435 

0-460 

1 

1 0-444 ' 

(7432 

III < rv + v rv > V > VI 

rt ' 

Segment IV 

0-288 

(7285 

(7273 

1 (7285 

0-276 

III > XII-XVI 

C ' 
o 

Segment V 

0-282 

0-270 

(7273 

' (7270 

0-276 

Formula 


Segment VI 

0 255 1 

0 255 

0-253 

1 0-246 

0 273 

III-XV 


Segs XII-XVI 

0360 

0-360 

0*357 

1 

0-357 



Total length 

2-643 

2-600 

2 714 


2-570 

= 590-597 X IHrd, 







7 22-7-34 X XII-XVI 


Segment 1 

1 

0 033 

1 

0 036 

0-030 

(7030 

1 

(7036 

Formula, 1, (2, 4), 3, 5 


Segment 2 

0 075 

0-081 

0-084 

(7075 

0*081 

Relative lengths, 4, 10, 13, 10, 25 

0. i 

3 

Segment 3 

or 100 

(7105 

0-105 

0100 

(7102 


Hi 

Segment 4 

0-075 

(7081 

(pros? 

0-075 


= 2nd 


Segment 5 

0198 

0-210 

0-180 

a200 




Total length 

0-481 

(7513 

0*486 

(7480 




Length 

1714 

1 730 

1770 

1 1630 

1714 

= 4 X breadth 


Breadth | 

0-428 

j 0 428 

(7443 

0*400 

0 420 


a 

/3 

0-243 

0 314 

0 343 

0-270 

: (/SOO 

1 

4-= 0 61-1 0 1 10-1 47 

/3 y 


(7400 

i 0 343 

(7343 

i 0 330 

(7357 


u 

c 

y 

(7270 

I 0-270 

0-285 

1 (7300 

(7278 

= 0 9-1 2 _L= (73-Cr46 


0 

0-071 

I 

0130 

0157 

1 

aio7 

0*114 

y a 


e 

0335 

0-413 

0 457 

(7370 

0*400 

-2-= (772-0-75 -^=194-243 

t E 


e 

0-814 

(7857 

(7885 

! 0*770 

(7843 

075-0*79 2*0-2-11 

p e 

- — 

r 

0-128 

(7085 

0*071 

i (7114 

0-071 
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Notes on Some Indian Species of Plilcbotomus 


P squamvoslus has a ]ihar\nf'oaI nnnatiiro uitli cl l-dc\ eloped teeth, 
the pioximal ‘jcgincnt of the ''Uin'iim da^-pei is stout and ^\Kle, and the non- 
deeidiious haii on the distal segment i^ piosinial to the proximal pair of spines 

ni.I I HIAC'I ^ 

.'Inn fl( I’ara^it {Hxim cL Comp), 3/4, 

pp 3SG-393 

'Iran'- Ith Conorc”-, F K A T M (CalcuUa, 1927), 
III, pp, 172-lSl 


E\pii\N\TioN or Plate LXVI 

Phlcbotomw^ punt ( ? ) 

Fig 1 ing 
„ 2 Palp 
„ 3 Spcrinathcca 
„ 4 PharMix 
„ 0 Buccal caMtj 
„ 6 Post-genital plate 

„ 7 Segment III of antenna 
„ 8 Segment IV of antenna 
„ 9 Segments XII to XVI of antenna 
,, 10 Geniculate spine on segment VI of antenna 


Nit7Ulescu, a (1930) 
SiXTON, J A (1929) 



Plate LXVI 



Explanation oi Piah. LXVII 
PlilcboloniUi) pill II ( cf ) 

Fig 1 '\\ ing 

„ 2 Pliannx 

„ 3 Segment^ XII to XVI of antenii.i 
„ 4 Segment III of antenna 
„ 5 Segment IV of antenna 
„ 6 j\Iale h}popygmm 
„ 7 Palp 
„ 8 Buccal caMty 

„ 9 Segment of antenna bliOA\mg aiiangcment of liaiis m P 
„ 10 Segment of antenna shonmg aiiangcment of liairs J 
P zeylainciis ( $ ) 



Plate LXVII 






THE EFFECT OF DILUTION ON THE PROPERTIES OP AN 

ANTISEPTIC 


B-i 

T N SETH, M sc, PHD (Cantab), 

Lectuici in Biochcvmtiy, Department of Physiology, Medical College, Patna, 

AND 

S K GHOSH DASTIDAR, m b , d t m , 

O^g Piofesso) of Pathology, Medical College, Patna, and Offg Bactenologistt 
to the B do Government, Patna 


tRecened for publication, Noi ember 8, 1930] 


It is a well-known fact that with increasing concentration of a poison in 
solution, its lethal effects aie progressively enhanced In the case of those 
poisons, hove\er, which dissociate in solution, an increase in the concentration 
of the poison in solution is accompanied by a diminution in the dissociation 
of the poison And if the dissociated molecules of the poison also possess some 
lethal properties, it is obvious that while the poison m concentrated solution 
may tend to become more lethal due to its increased combination with the 
tissues, its diminished dissociation will tend to lover its effectneness These 
considerations led one of the authois to express the Mew (Seth, 1923) that for 
a given set of conditions, theie must be a paiticulai concentration at vhich the 
resultant of these tvo antagonistic factors reaches a maximum, and at which 
therefore, the poison is most effective 

In a recent investigation (Seth, 1930) the abo^e hypothesis has been 
verified experimentally, and it has been found that up to a certain point an 

{ 1211 ) 
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increase in the dilution of a poison, which di'^sociates in solution, causes a 
steady decline in its lethal properties Beyond this point, ho\\ever, there is a 
limited region of renewed potency in ^^hlch fuithcr dilution of the poison 
definitely enhances its lethal effects Still fuithcr dilution, once again decreases 
the effectiveness of the poison 

Since the action of poisons, antiseptics and disinfectants has essentially 
a common ba«is, it vas con‘=idcicd worth while to extend the w'ork to anti- 
septics and disinfectants w'lth a mcw to dctciminc if the results recorded in the 
case of poisoning of tadpoles (Seth, 1930) could be verified bv the use of 
an cntiieh diffcicnt technique and a totalh different type of cxpcriniental 
organism, and in view of such findings, if am cconomv could be effected in 
the use of antiseptics and disinfectants 

This papei embodies the icsults obtained with antiseptics 


Experimental 

jNIercuiic chloiidc, caibolic acid and ctlnl alcohol wtic the thicc anti- 
septics employed in vaijing dilutions, the exact langc being determined by 
preliminarv expeiimcnts The lelative jiowei of the laiious solutions, in pre- 
venting the giowth of Staphylococcus ataeus, was taken as a measuic of their 
effectiveness 

0 8 c c of the antiseptic solution of each dilution wxas ineasuied 
out into small stciilc test tubes, to each of wdiich 0 2 cc of the bacterial 
emulsion in distilled w'atcr (337 million oiganisms pci cc) w'as then added 
and mixed, the exact tunc of such addition being noted with the help of a 
stop w'atch At intervals of one minute, a loopful (diamctei of the platinum 
loop being 3 mm ) of the contents of each tube wxas inoculated on an agar 
slant * This wms continued for six minute': All the tubes w'erc then incu- 
bated foi 48 houis at 37°C, aftci which the iclativc giowth of the organism 
in each tube wms lecoidcd, the following notation being used — 

Piofuse giowdh = -j — (-+ 

Moderate growth = ++ 

Pool giowdh (a few^^ isolated colonics) = + 

No growth = — 


* As it was inipoitant for pin poses of tins invcsligaliou to observe the relative growt 
of the organism in the different dilutions of an antiseptic solution, agar slants were used in 
preference to broth solutions, eien though it was realized that the use of the fornier 
introduced an experimental error due to the continued intimate contact between the an i 
septic and the organism for some time after their transference to the surface of the agar 
slant However, as this source of error- was common to all the experiments perforipe , ^ 

results are strictly comparable, even if they are not absolute 
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The results are expressed beloTv m Tables I, II and III 

Table I 

Mercuric chloride 


No 

Zone of HgCl) 
solutions (gramme 
HgCli per litre) 

GnOBTH OF THE OHOIMSM AFTER TREATMENT WITH THE 
ANTISEPTIC, FOR ONE TO SIX MINUTES 

1 niin 

2 mms 

1 

1 

j 3 nuns 

1 

4 mms 

5 mms 

6 mms 

1 

(TOGO 

+++ 

+++ 

1 

1 +++ 

-b 

4- 

— 

2 

o-oos 

4 — ! — f* 

+++ 

+++ 

4-4-4- 

-b-b-b 

-j — 

3 

OTO? 

■b + d" 

H — 1"+ 

' ++4- 

4-4- 

— 


4 

0^006 

+++ 

+++ 

4-4-4- 

-l — 

4- 


5 

0-005 

+++ 

+++ 

4-4- -b 

-b-b-b 

+ + 

4- 

6 

0'004 

+++ 

+++ 

-b-f 4- 

-b-b-b 

4-4-4- 

4-4- 

i 

aoo3 

+ + + 

-l — 1 — f" 

4-4- -b 

4-4-4- 

4 — 1 — b 

4-4-4- 

S 

0'002 

+ 4"+ 

+++ 

4--b4- 

-b-b-b 

-1 — 1 — b 

-j — j — |- 

9 

or 001 

+++ 

+++ 

-f -f-b 

-b-b-b 

4-4-4- 

-] — 1 — 

10 

OTOO 

+++ 

+ 4 — b 

4 — ! — b 

4-4-4- 

4-4-4- 

-b-b-b 


It Bill be noticed that solution No 3 is more effective than either No 2 


01 No 4 


Table II 
Carbolic acid 


1 

No 

Cone of solutions 
(gramme carbolic 

Grobth of the organism ifter theataient with 
ANTISEPTIC, FOR ONE TO SIX MINUTES 

the 

( 

acid per cent) 

1 min 

2 mms 

3 mms 

4 mms 

5 mms 

6 mms 

1 

1 i 

1 

16 


— 

— 

i 




2 ! 

j 15 

+ 

— 

— 

— 

— 

— 

3 

1 

+ + 

4-4- 

-b-b 

-b-b 

4-4- 

4 — b 

4 

1 

! 13 

-b-b i 


— 

— i 

— 

— 

5 

12 

-b-b 

4-4- 

4-4- 

-b 

4- 

— 

6 

1 1 


4-4- 

-b-b 

4 — b 

-b 

-b 


The above figures very clearly demonstrate the phenomenon under dis- 
cussion The effectiveness of the antiseptic declines nuth progressive dilution 
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of the solution up to a ccitain jioint, bcjoncl vlucli fuitlici dilution causes a 
lihenomenal icco\ery in the activitj of the antiseptic, as indicated in solution 
No 4, and to a lessei extent in solutions Nos 5 and 6 

Table III 
Ethyl alcohol 


Cone of Eoliitiona 
Mn (cc ab’^olutc al- 
cohol per 100 c c 


GnO\\TlI OF THE onC\MSM AFTFU TIIFWMFM ^\ITH THE 
ANTIEH'TIC, Foil ONF TO SIX MI^UTES 


solution) 


1 nun ' 2 inin^- 


3 nuns 4 nun- 5 min'? 6 nuns 



Figuies tMthin brackets (Table III) rcpicscnt the number of colonies 
pioduced The}’’ aie piesented heie to illustiate the coinpaiatne effectiveness 
of alcohol in those cases vhcie the diffciences in giovth of the oigamsra are 
not laige enough to bo icpi evented adequately by meic plus and minus signs 
An analysis of these figuies shows clearly that although ethyl alcohol also 
recoveis its activity in the vicinity of a concentiation of 32 per cent, the 
recoveiy is not so marked as in the case of raeiciuic chloiide oi carbolic acid 
An explanation foi this diffcicncc is gnen below 


Discussion of results 


In agieoment with the obseivations pieviously made m the case of poisons 
(Seth, 1930), the lesults lecoided in this papci show that up to a certain point 
an increase in the dilution of the antiseptic solution causes a steady decline 
in its antiseptic propeities, and that beyond this point thcie is a limited legion 
of lenewed potency in which fuithcr dilution of the solution definitely enhances 
its antiseptic value Still fuithei dilution, howevei, once again i educes tie 
effectiveness of the antiseptic The exact lange of conceiiti ations where tns 
phenomenon manifests itself, natuially vanes with the antiseptic used, a 


othei factois remaining constant 

It has been noted, howevei, that although there aie two pioniinent 
of activity foi each antiseptic, the maximum effect of the antiseptic m le 
'dilute legion’ never attains the level of the maximum effect in 
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' concentiated legion ’ Foi c\iinple, n concentration of 0 007 g HgCL per litre is 
moie effectue than eithei 0 008 g or 0 006 g HgCh. per litre, but it is much 
less effectne than a concentration of sav 0 01 g HgCL per litre (see Table I) 
In explanation of the above obser\ations it is suggested that the antiseptic 
action of substances vhich dissociate in solution, depends on t’no factors, viz, 
Factor A— The influence of the undissociated molecules of the antiseptic 
on the organism 

Factor B —The influence of the ions of the antiseptic on the organism 
At highei concentiations of the antiseptic, therefore, Factor A predominates 
With inciease in dilution, the number of undissociated molecules of the anti- 
septic diminishes, and as long as the number of ions is not enough to counter- 
balance the decline m Factor A, the eftectiveness of the antiseptic as a whole 
steadilv decreases Bevond a certain point, however, the action of the anti- 
septic IS once again intensified due to such an increase in Factor B, as more 
than counterbalances the decline in Factor A 

From what has been stated abo\e it also follow’s that m the case of those 
antiseptics which dissociate ver\ feeblv in solution, Factor A would be opera- 
tive piacticalh all through and, therefore, the zone of high activity in the 
‘ dilute region ’ w ould not be very prominent This w as found to be the case 
with ethyl alcohol, where it was noticed (see Table III) that although 32 per 
cent alcohol was moie effective as an antiseptic than either 34 per cent or 
30 per cent alcohol, the diffeience in the activity of the various solutions w’as 
not as marked as in the ca«e of mercuiic chloride and caibolic acid 

The findings recorded here furnish an independent verification of the 
observations made with poisons (Seth, 1930) However, they can have no 
practical application in effecting a more economic use of antiseptics, since a 
ver}’ rapid destruction of all the pathogenic organisms is required, and it has 
to be obtained by the use of faiily strong solutions of antiseptics, in spite of 
the relatively higher cost Circumstances are entirely different, however, m 
the case of disinfectants, for the organisms sought to be destroyed, need not 
necessarily be killed instantly, and therefoie the use of more dilute solutions 
can not materiallj affect the efficiencj of the disinfectants Moreover, dis- 
infection of wells and water tanks, etc, invokes the use of fairly large quan- 
tities of disinfectants and consequently even a small difference in the concen- 
tration of the disinfectant used would effect appreciable economy Work m 
this dll ection is in progress and the results w ill be reported later 


SUMMARX 

Up to a certain point, an increase in the dilution of an antiseptic w’hich 
dissociates m solution causes a steady decline m its activity Beyond this 
point there is a limited range in which further dilution defimtely increases the 
relatne effectneness of the antiseptic Still further dilution, however once 
again loweis the activity of the antiseptic ’ 
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In evplanation of thi‘? plienoinonon, it is suggc'jted timt the activity of an 
antiseptic which dis-^ociatcs in 'jolution depend';, amongst other things, on the 
influence of the ions as A\ell as of the iindi'^sociatod molecules of the antiseptic 
on piotoplasm The relative influence of each of the«e two factors varies with 
the dilution of the solution, there being a zone of high activity in the ' concen- 
trated legion,’ due mainlj to the influence of the undis'^ociated molecule';, and 
another region of high actlvlt^ in the ‘dilute region,’ due largely to the 
influence of the ions in solution 
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STUDIES IN THE NUTRITIVE VALUE OF INDIAN 
VEGETABLE FOOD-STUFFS 

Part I 


NUTRITIVE VALUES OF PIGEON PEA (CAJANUS INDICUS) AND 
FIELD PEA (PISUM ARVENSE, LINN) 

BY 

S P NIYOGI, M B , M sc , 

Professor of Physiology, Seth Goidhandas Siindeidas Medical College, Parel, 

Bombay, 

N NARAYANA, m sc , a 1 1 sc , 

AND ' 

B G DESAI, BSC, 

Biochemical Research Workers under the Indian Research Fund Association 

[Receded for publication, November 10, 1930] 

The present investigation is an attempt at a scientific study of some of 
the more important Indian legetable food-stuffs, as to the nature of their 
proteins and their relative value in nutrition The commoner Indian pulses 
have been chosen for the present work as they form the mam source of protein 
in the Indian diet Being cheap, they are popularly regarded as desirable 
substitutes for the more expensive animal proteins It is of importance 
therefore to ascertain whether the proteins are good in quality and, if so, how 
far they supplj the essential ammo acids required for growth and maintenance 
This part (Part I) deals with the two Indian pulses, Pigeon pea (Cajanus 
iTidicus) and Field pea {Pisum ai uense) 

Pigeon pea is extensivel-y cultivated m all tropical countries on account of 
the green pea it affords, being an excellent substitute for the common garden 
pea, especially as it comes into season during the hot months when the ordinarj 
pea IS not available In India it is most frequently grown as a mixed crop 
or a rotation crop for cereals According to the Season and Crop Report the 
area under this crop m the presidency of Bombay is 443,365 acres Vhe 

( 1217 ) 
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pul'JC IS liiglilv esteemed tinoughout India and enteis ^ery largely into the 
vegetal lan diet of the people It is sold in the foiin of split peas In Northern 
Bengal and Assam, the jiul^e is ‘specially giown a'; a host plant for the lac 
insect The mo'^t common \einaciilai names of this pulse are Dal, Tuar, 
Tui, Aihai, Togaii, To^ale, Kandipappu, etc 

The field pea or the gIe^ pea i^- ciiltnated as a 7abi crop m many parts 
of India duiing the cold veathei in the ‘^ame •\\a\ as the common yellow 
colouied gaiden pea (Pisitm sa(ivum) It pioduces small, loiind compressed, 
gieenish oi maibled giey seeds, mIiicIi aic eaten as dal In many localities, 
the green pods aie collected vhilc the plant is growing and the young seeds 
cooked and eaten The giecn plant is extensively used and valued as fodder, 
moie especially in the Punjab and Bomba%, wheie they are regaided as equal 
to ha\ The field pea is known b\ the following veinaculai names Hirwa 
Vatana, Mattai, Kulon, Koiani, etc 

The nutritional ^alue of pulses depends laigely on the proteins they supply 
and the investigations of Osborne and others ha\e shown that there is a definite 
relation betw’een the chemical composition of a protein and its nutritional 
efficiency The majoi pait-nearlv 80 pei cent-of the proteins of leguminous 
seeds belong to the class of globulins, the rest being made up of albumins, 
polypeptides and fiee ammo acids To get an insight into the nature of the 
proteins of these pulses then total globulins w'ere isolated in a pure condition 
and analysed foi their constituent ammo acids The biological values of these 
puie globulins as w'ell as of the total piotems in the wdiole seed w-ere deter- 
mined at appioximately 5 pei cent level of intake b\ means of feeding experi- 
ments on albino rats 

Theie aie at piesent available twm methods of estimating the biological 
values of proteins One of them oiiginallv intioduced by Thomas (1909) is 
based on the estimation of the nitrogen balance and is now knowm in its 
improved form as the method of Mitchell (1924) (also Mitchell and Carman, 
1926) The latter involves a study of the nitiogen metabolism of young grow- 
ing rats under controlled conditions of feeding and the nutritive value of a 
piotein IS taken as the percentage of absorbed nitiogen that is letamed in the 
expel imental animal and is utilized for gioivth and constructive processes in 
the body This percentage is also knowm as the Biological Value of the protein, 
a term fiist introduced by Thomas 

In the alternative method introduced by Osboine, Mendel and Feiry (1919), 
the nutiitive value of a piotein is measured by the gain in body-w^eight of the 
experimental animal per gramme of piotem consumed The two methods are 
not stiictly compaiable as the one measures the efficiency of a protein to make 
good ovei short peiiods of time the wmai and teai of body-tissues, while the 
othei measures the ability of a protein to build new' tissues It is not possible 
to say wdiich method gives a more accurate estimate of the nutritive value o 
a protein, but in the present work Mitchell’s method has been adopted, as t e 
expel imental periods are of shoiter duiation and the piotem food required or 
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the metabolism expenments is much less foi the same numbei of rats than in 
Osborne’s method 


EXPERIMENTAL A 
Isolation and axalxsis or the globulins 
Material 

The varieties of the tvo pulses, pigeon pea and field pea, obtainable in the 
local market, were sun diied, decoiticated and then ground to flour to pass a 
sie^e of 60 mesh Specimens of the flours diied at 100 °C gave the following 
percentages on analysis — 


Table I 


Pulse 

Ash 

Guide fibre 

Ether 

e\tracti\es 

Crude 
protein 
(-\ X 6 25) 

Carbo- 
In drates b 3 
difTeience 

True pro- 
tein deter- 
mined 
separately 

Cajamis indicus 

3*99 

1 16 

2r44 

1 

25 63 

67 38 

22-14 

Pisum arteicfe 

2 75 

lOS 

145 

25 57 

69‘15 

23 31 


Prepaiation of the globulins 

Extraction — ^Preliminarj' trials showed that it is advantageous to use a 
fairly high concentration of NaCl solution to extract the globulins It prevents, 
during extraction and filtration, the action of the oxidases and peroxidases 
such as tjiosinase, etc, which are usually present m the seeds About 1 kilo 
of the flour was in each case treated with 5 to 6 litres of 10 per cent NaCl 
solution and stirred mechanically for 3 to 4 hours The mixture in each case 
was strained tluough cheese cloth and the liquid poured into large fluted gravity 
filters and allowed to stand overnight, toluene bemg added to prevent bacterial 
action About 2 to 2 5 hties of slightly coloured opalescent extracts were thus 
obtained 

Precipitation — ^The globubns vere precipitated fiom the extiact by the 
following two methods — 

(1) Dialysis — ^The extiacts were dialysed against cold, lunning distilled 
vatei for 6 to 8 days until the dialysates vere free from traces of chlorides 
The globulins which were precipitated were centrifuged off, redissolved in 5 per 
cent NaCl solution, filtered and dialysed as before Toluene was added to 
prevent bacterial action 

(2) Dilution and acidification — ^The extracts were diluted 5 to 6 times 
Mith distilled vatei till cloudiness appeared and then saturated with carbon 
dioxide A fev diops of acetic acid veie then added to complete the precipi- 
tation of the globuhn 

Piinfication —The precipitates of the globubns, obtained as above, were 
Hashed seieial times with distilled water by decantation They were then 

J, MB ,, ^ 
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centnfuged off and delivdiatcd by ya'^lnng nitli giadod strengths of alcohol 
and finally by ethci The cthci yas diiycn olT and the picparations were 
poydeicd and passed tlnough a 120 mesh sieve piepaiatoi}’- to fuithei examina- 
tion Tlio'Je jioAvdeis icine'^ent the total globulin^ in each seed and no attempt 
was made to “^epaiate the tyo oi moie globulins each of them may contain 
(Siindaiam, Noiiis and Subiahmainan, 1929) 

Goioat 'll) ope) lies of the globulins 

The piepaiations ycic light ponders of cicain yhitc coloin All of them 
gave coloiu leaction^; characteii'^tic of pioteins and contained sulphm, tyrosine, 
tiyptophane Thej’’ neie ‘soluble in dilute alkali and glacial acetic acid On 
analj^sis they gaxe the folloying percentages — 


Table II 



Globulix moM 


Cnjamn 

indicit') 

Pmnn 

arvense 


Dinb’sis 

Dilution 

Dialysis 

Dilution 

Moisture 

S-19 

7 88 

9 71 

9-23 

Ash 

0-95 

(787 

0-83 

(789 



On atli and moist 

me free basis 


Nitrogen 

15-82 

15 72 

1645 

16*44 

Sulphur 

0*472 i 

(7470 

0312 

(7306 


*Hoffmnn and Gortner, 1923 


Analysis — ^The nitrogen distiibution yxas deteiinined by the method of 
Van Slyke as modified by Plimmei and Rosedale (1925a) Seveial factors 
have been lepoited as influencing the figuies obtained as nitiogen distiibution 
numbers of piotems (Knaggs, 1923, Thimman, 1926, Daft, 1929) To obtain 
comparable lesults, these factois were, as fai as possible, kept constant through- 
out this senes of expeiiments Immediately aftei hydiolysis, the insoluble 
melanin was filteied off and its nitiogen sepaiately estimated The amount 
of CaO used foi distillation of ammonia was 3 5 gs for eveij’’ 1,000 mg of 
nitrogen in the hydrolysate This quantity was calculated to be moie than 
sufiicient to neutialize the slight acidity of the hydrolysate and also to dis- 
place the maximum amount of ammonia that may be piesent m proteins The 
volume in ydnch the precipitation of the diamino acids was allowed to ta o 
place, was 200 cc containing 350 to 360 mg of nitiogen and enough HC o 
make it one normal The solution was heated to boiling, prior to the addition 
of 15 gs of phosphotungstic acid aftei which it was allowed to stand or 
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24 hours at room temperature and another 24 hours at about 8° to 10°C When 
the phosphotungstic acid ■s\as added m the cold, it was found impossible to 
redissohe the precipitate foimed, b 3 ’^ heating For the rest, the procedure 
folloiied was similar to that of Phmmer and Rosedale (1925a) 

Aiginme in the diamino fi action lias estimated bj’- the method of Phmmer 
(1916) Sulphur was determined according to Phmmer and Lowndes (1927) 
Free ammo nitrogen m the natne proteins was estimated in a one per 
cent solution of the globulins in dilute alkali The micro Van Styke apparatus 
was used and the time allowed for reaction was 30 minutes 

The results of the foregoing determinations are given below — 

Table III 

[Expressed as percentages of total niti ogen ) 

Globulins of 


Form of nitrogen Cajmtus indiciis Pisiim arvense 



Diab SIS 

Dilution 

Diah SIS 

Dilution 

4cid insoluble melanin 

0-96 

0 62 

0-62 

(740 

Acid soluble melanin (adsorbed bj' lime) 

0-57 

0-57 

158 

1 98 

4mide 

9-98 

10-27 

10-92 

10-28 

Diammo — 





Arginine 

1188 

1198 

18-44 

18-74 

Histidine 

481 

4 01 

3-18 

3 06 

Cystine 

050 

(742 

a20 

(724 

Ljsme 

8-01 

9*11 

9-36 

9-74 

Mono ammo — 





Ammo 

60-99 

61 82 

50-88 

50-30 

Xon-ammo 

2-88 

2-01 

4 76 

504 

Totil 

100-58 

100-81 

99 94 

99 78 


Free amino mirogen m the native ■proteins 


B\ direct estimation 

490 

5-32 

424 

4 92 

Half hsme nitrogen 

4 01 

455 

4 68 

4 87 
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Accoichng to Phmniei and Ro'^cdalc (1925b), aiginme is not completely 
piecipitatccl phocpliotung'^tic acid and pail of it comes donn in the mono 
ammo fi notion It nns thoiefoio estimated directly in the hydrolysate 
T^iosine was estimated by tno methods — 

(1) Ziinoikalao (1926) and (2) Folin and Ciocalteu (1927) and trypto- 
phane bv the method of Tillmans and Alt (1925) 

The figuios obtained foi cjstine a'^ a result of Yan Slyke analysis cannot 
be taken as coiicet, a^^ dining Indiohsi^.^ the cystine is paitially lacemized and 
incompletely piecipitatod liy phospholungstic aeid Independent determina- 
tions of cystine ncie theicfoic earned out by the method of Folm and Looney 
(1922) 

The foregoing estimations neie cairied out on mixed samples of the pre- 
paiations and the lesults aie given below — 

Table IV 

(E'lpiessed as pei cent of pi otcin-ash and moxstwe fxee) 


GionuuNS or 


Ainino ncid 

1 

[ Cajanus tndicus 

1 

Pisum arvense j 

1 1 

Method 

Lvsmo 

I 7*03 

8*19 

Van SI) he 

Histidine 

2*56 

190 

Do 

tigmine 

5S4 

9 50 { 

Do 

Do 

6 91 

1064 1 

Direct estimation 

C^stlne 

158 

1 12 1 

Tolm and Looney 

Tjiosme 

3 12 

1 98 

Zmverhalao ^ 

Do 

335 

2*32 

Folm and 

Ciocalteu 

Tnptophane 

0*46 

051 

Tillmans and Alt 


EXPERIMENTAL B 
Feeding experiments 

Two sets of young albino lats, each set belonging to the same littei, weie 
placed m laige ciiculai glass jais, measuiing 8 in m diametei and 9 in m 
depth Food and watei weie given in glass vessels suspended fiom the sides 
of the jais Weighted wne mesh covers weie placed on top and all piecautions 
weie taken to ensure sufficient ventilation On the bottom of the jais, filter 
papeis cut to fit in exactly, weie placed foi the absorption of the mine The 
rats neie suppoited about 2 in above the filtei papers on a ciicuIai disc o 
1/3 m mesh wne netting, lesting on wiie legs By this ariangement consump- 
tion of faeces and filtei paper was entirely avoided (vide Plate LXVIH) ^ 
In all the following expeiiments the metabolic periods weie of ten daj^s 
duration, duiing the last seven days of which the mine and faeces weie co 
lected daily In changing fiom one ration to another, three days weie a ove 
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to elapse befoie urine and fseces were again collected Body- weights were taken 
at the beginning and end ot each balance peiiod 

Uiinc and fieces Aseie collected daily The faces were pieserved in alcohol 
acidulated with sulphuiic acid The jar, the wire net suppoit and the filter 
papeis of each lat weie thoioughly washed eieiy day with hot dilute sulphuric 
acid The w ashmgs-about 250 cc-weie filtered thiough a Buchner funnel 
and placed in 250 cc measunng flasks The next day they were made up to 
Aolume at loom tenipeiature and poured into two litre bottles in which the 
Meekly composite samples weie kept Aliquots of 200 cc M^ere analysed for 
total nitrogen 

The Meek’s collection of fieces M'eie digested by the Kjeldahl method and 
the residue made up to volume, aliquots of which weie used for mtiogen 
estimation 

The lations M'eie piepaied to contain approximately 5 pei cent of piotem 
Their percentage composition is given below — ' 



Table V 





Ration 



Non-protein 

Globulm 

1 Pulse flour 

1 

Cane sugar 

10 

10 


Butter fat 

8 

8 

1 8 

Cod-lner oil 

2 

2 

2 

■fgar agar 

1 

1 


* Silt mixture 

4 

4 

i 3 

Globulin 

rioui 


5 

Enough to contain 
5 per cent protein 

Starch 



(N X 625) 

75 

70 - 

To makeup to 100 


* Osborne and Mendel (1920)-— — 

All the ingredients of a ration except the fats were’ mixed with sufficient 
M'ater and cooked on a bath until the starch M'as thoioughly dextrinized The 
fats Mere then mixed in, the mixture spread out m thin layers on glass plates 
and dried at about 60° to 70°C It Mas then broken up, ground to poM'dei 
and analysed for total nitrogen The food M'as weighed out each daj' and 
mixed with M'ater to a thick consistency to prevent scattering The dailj 
lesidues of food left uneaten Mere collected, dried and subtracted to obtain 
the average daily intake 

To maintain the appetite of lats throughout the experimental periods 
eachiat m as fed daily, apait from its food, with 50 mg of dried brewer’s j'east 
containing 2 9 mg nitrogen and 3 to 5 drops of cod-liver oil ' The nitrogen 
of the yeast is not taken into account m calculating the metabcdism data 

The results of the metabolic expeiiments are giien in Tables “ST and 'ITI 
The figures for the intake of food and mtiogen, and fsecal and urinary nitrogen 
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Table VII 

Metabolism data 

Biological values of the total pioteins in the pidses Cnjanus indicus and Pisum aiven^^c 
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Nufitiihc Valve of htdmv Tcqelahle Food-shtffs 


represent daily avciagcs The variations in tlie endogenous nitiogen and the 
metabolic nitiogen in tlie peiiods intci veiling between the first and final periods 
of non-piotein feeding aic taken to be hncai and calculated lespectively 
fioin the a^clage bod} -v eight of the c\pei iinental animals and the amounts of 
food they consumed 

Discussion 

The figuies foi the di'^tribution of nitiogen show that the different pre- 
paration*^ of each one of the globulins aie identical in composition Arginine 
as estimated in the piotein i^; slight h higliei than when estimated in the 
diamino fraction, showing thcIcb^ that the ammo acid is not completely 
piecipitated b-\ phosphotung'^tic acid 

The flee ainino nitiogen of both the globulins do not veiy much differ 
from half then icspcctne h^^ine nitiogen contents (Van Slyke and Birchard, 
1914) 

Both the globulins coinpaic faiouiabh with casein and contain requisite 
amounts of aiginme, histidine and hsinc The arginine content of both the 
globulins IS liighcr tlian that of casein, being neaily double in the case of the 
globulin of Pisiim aivense {vide Naia\ana and Sieenivasava, 1928) The tw'o 
globulins aie, howe\ei, \eiy deficient in both c}stine and tiyptophane These 
legumes aie usually taken with ceieals and aie useful in supplying the essential 
diamino acids especially l}«iiie in which the ceieal pioteins aie usually deficient 

Fiom the metabolism data (Tables VI and VII), the aveiage biological 
values at a 5 pei cent level of intake, foi casein and the globulins of Cajanus 
xndicus and Pisum aivense, have been found to be 89, 69 and 48 lespectively 
At the same level of intake, the biological a allies for the wdiole giains of the 
two pulses aie slightly highei, namely, 79 and 69 a'? against 69 and 48 for the 
coiiespondmg globulins These icsults cleail} shoiv that theie is a supple- 
mental y relationship between the diffeient pioteins existing in the seed and 
that they make good, to a ceitain extent, each otheis deficiencies as regards 
then food Amlue As a ceitain fi action of the nitiogen content of each pulse 
giain exists in a non-piotem foim, the biological value obtained in such a case 
lefeis to the total nitrogen of the giain and not to its total piotein The level 
of intake of piotein, viz , 5 pei cent, seems lowei than the minimum lequired 
for maintenance Feeding ex^peiiments at a higliei level of piotein intake aie 
still m progress 

SUMMAKY 

The globulins, wdiich foim the bulk of the pioteins m the pulses, Cajanns 
indicus and Pisum arveme, have been isolated and analysed b}'’ the Van Slyke 
method Aigimne, tyiosine, tiyptophane and cystine liaAm been estimated by 
individual methods 'Both the globulins have been found to be deficient m 
cystine and tiyptophane 

The biological values foi the isolated globulins and also for the wdio e 
grains, at an appioximately 5 per cent level of piotem intake, have been 
determined 
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In conclusion we take this oppoitumty of expressing our gratitude to 
Di Jnnj N IMehta, the Dean of our College, foi his help and continued 
inteiest dining the piogiess of this woik We are indebted to the Indian 
Re«eaich Fund Association foi defiajmg the expenses of this investigation 
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Plague was introduced to Rangoon from Calcutta in 1905 Since tlien 
and up to the peiiod of this survey, the town has not been free of human 
cases for a single month The disease is endemic and the town has been 
regarded by some as one of the principal foci of infection in the Far East 
\t no time, however, has the human infection been intense and so far as the 
facts are known the <?ame applies to the lat epizootic 

Early attempts to determine the rat-flea distiibution in Rangoon town were 
made in 1919 and 1921 bv Cragg, and later in 1923 and 1924 by Jolly (un- 
published) The figuies obtained br them aie as follows — 


Year 

Peiiod of year 

Percentage of j 
cheopis 1 

Pert entage of 
asha 

Number of fleas 
collected 

1919 

December 

45 6 i 

54 4 






181 


Juh 

60-0 

1 40-0 


1921 


57 5 

42 5 

221 

1923 

Mar -December 

54 2 

45 8 

1,710 

1924 

Jamnn-Mar 

25 7 

74-3 

1 

412 


( 1231 ) 
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JRai-Flea Snivey of Ttavqoon 


The numbcis of fioas (ollcctcd aic but the rii‘^ciepancv between 

those obtained in 1919. 192] and 1923, and those lecoidcd in 1924 is stiiking 
In the peiiod 1919-1923 tlie pioportion of A' cheopis ranged from a lowest 
of 45 6 pci cent in Dcccinbci 1919 to a Inghc'st of 60 pci cent in July of the 
same icai, (he figinc^; foi 1921 and 1923 being ovoi 50 pei cent, while in 1924 
the figuic liad dioppcd to 25 7 

The picscnt slllvc^ was originated bv one of us (G G J) in 1928, wnth 
the object of mvc^^Ugnting moic full)’' the lat-flca distiibution, m the hope of 
adding to oin knoA\ ledge of plague condition‘d in Rangoon and of the lole of 
this seapoit town as a ccntic in the dissemination of plague by land and sea 

It was decided in the fust instanrc to begin the lat-flca suney in the 
Poit Aica This is a stiip of land undci the administration of the Rangoon 
Poit Tiust, bordeimg the Rangoon Rncr on the west, south and east of the 
town, about 12 milc'd long and having an a\eiagc depth of appiOMinately 
100 5 aids The Poit Health Officci, Captain C G Ciow , k i h , i m n , is in 
medical and sanitary chaigc of this aiea, and wc aic indebted to him for 
placing his lattmg gangs at oiii dispo<?al and foi assisting us m other ways 

We divided tlie Rangoon Poit Aiea (vicfe Map) into nine sections 
numbeied 1 to 9, and suive-scd all the Port Commissioneis’ premises in these 
aieas Rats w^ere trapped foi the most pait indoois, but the localities varied 
from old mud-flooied gram w alehouses built of timbci, to modem w^ell- 
constructed concietc and galvanized iron ones, fiom mat and thatch native 
huts to w'ell-built masoniy houses, and fiom loadsidc rcfieshment stalls to 
timbei stacks At the outset our staff was too small to deal with all aieas 
simultaneousl)^ and it was decided to conccntiatc upon aiea 4, wdiich embraces 
the Lattei Stieet and Side Pagoda wharves, and includes the mam bei thing 
accommodation foi sea-going vessels wuth the necessaiy tiansit sheds and waie- 
houses for Buima's irapoits Rice expoits are mainly shipped m the stieam, 
diiect fiom baiges, wdiich aie loaded fiom indmdual mills, some of them in 
Rangoon, wdiile otheis aie situated up-countiy, the baiges m the latter case 
bringing the iice to Rangoon dowm the Irrawmddy Rivei oi fiom various points 
m the Delta Fiom July to September there is a considerable coastal export 
trade in potatoes from Lattei Stieet whaif Area 4 has a wmtei fiontage of 
neaily a mile 

At fiist it wms only possible to deal with area 4, and fiom this aiea ten 
lats a day were examined Later m the survey, it w''as consideied desnable 
to extend the field of opeiations, and the financial assistance of the Indian 
Reseaich Fund Association wms sought This body generously came to oui 
assistance and piovided additional funds, by which it became possible to engage 
extia staff, and to collect a total of 40 lats a day fiom five additional aiea^ 
VIZ , aieas 1, 3, 5, 7 and 9 Aieas 2, 6 and 8 were not surveyed as the staff 
was insufficient, and these aieas wmie not considered of such gieat importance 
as the otheis, area 2 being a timbei aiea, area 6 timber and oil, and area 
mainly timber Ten rats a day continued to be examined fiom area 
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Bat-Flea Sw vey of Rangoon 


throughout the year, and, witli effect fiom the 5th May, 6 rats a day were 
collected and examined fiom each of the othei areas numbeied 1, 3, 5, 7 and 9 
A biief description of the pi 01111*505 suiveyed in each of these othei areas 
IS called foi 

Aiea 1 contains on the south timber yards and the lesidential houses 
of the dealeis and their emploj^ees, the'je houses mainly double-stoned Next 
we '«kip a lice null and come to i\ai chouses holding rice and tobacco, the rice 
sheds being next dooi to the null, and the giound aiound them heavily honey- 
combed with lat-holes Next i*? a strip of foieshoie with vood and buck 
houses Beyond is a tiinbei and iice mill area, exiending up to the Hantha- 
waddy Road, vliich is boideied In a low of timbei houses, and an old mucl- 
flooi lice godovn vheie man} lat*? veie caught 

Aiea 3 includes the Cusp Sticct iicc maiket to which rice is brought fiom 
the small nulls boideiing the iivei in the vicinity of Rangoon, sold and distri- 
buted bj’ boat tluoughout the delta of tlie Iiravaddy Rner Next aie ware- 
houses storing cocoanuts, onions, dhal, potatoes and wheatfloui, mostly im- 
poited, then sold, leloaded in small boats and taken away by water foi distri- 
bution m the delta Next aie the jettiec of the Iirawmddj Flotilla Company 
wheie the wmiehou<5es take mwcellancous good*; foi inland watci transport 
Othei waiehouses in tin*? aiea hold iicc foi expoit to Ivlalabai, Ceylon, Calcutta, 
Malaya, Ja^a, etc The mam rice tiaffic thiough the Port Commissioners’ 
sheds IS from Aiea 3, the iicc being chiefly loaded into hghteis and shipped in 
the stieam The aiea also includes a fish maikct, and watchmen’s quaiteis 
in the uppei stoiey of an old tiinbci w alehouse 

Aiea 5 consists mainl} of modem well-built conciete-flooied transit sheds, 
holding goods foi iiver tianspoit between Rangoon, Mandalay and inteimediate 
poits The} also *51010 beans, iice, onions, gioundnuts, tobacco, cutch, sesaniiini, 
maize, edible oils, etc , foi expoit to foieigii countiies, these goods being loaded 
in the “Stream from baige*5 The aiea fuithei includes the Aiakan and Tenas- 
senm Coastal Depots To the w'e*?! aie the Port Coramissioneis’ woikshops, 
an aiea from wdiich launches ply to ccitain iiyeime poits, the Poit Health 
Station, wheie ovei 300,000 coolies entci and Icaie Buima each yeai, a block 
of menials’ quaiteis, and a lest-house foi deck passengeis 

Aiea 7 IS a small compact aiea, consisting mainly of lesidential quaiteis 
foi the Poit Comnussioneis’ staft, and includes well-built modem brick 
bungalows foi officeis and wmoden shingle-ioofed quaiteis foi suboidmates 
It also includes nuneial oil godowms and menials’ quaiters 

Aiea 9 includes a laige salt depot, waiehouses stoiing bian, tobacco, etc, 
a police station, coal depot wnth labouieis’ quaiteis, and sticets of masoniy 
lodging-houses foi coolies and the wmoden houses of Buimese of the ‘ cleik 
class 

Rat collection — The method of collection of lats was as follows Tiaps 
of a simple cage pattern wuth snap dooi w^eie used These were baited with 
biead, and iveie set each evening in the seveial aieas by membeis of the poit 
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ntting gang Eacli uea \^a‘- allotted a distinctive colour and the tiaps used 
veic niaikcd to coiicspond The tiaps neie set each day in a different part 
of the aiea, the “itc being '-elected In an o-\eiseei undci oui geneial supei- 
M«ion Moie tiap'' vcic used than were needed to produce the necessary 
catch of lats foi cxainination in oidei to en'^me that the numbei caught would 
not fall «hoit of oui icqunemcnt« In the eaily moining the tiaps weie col- 
lected, and to each tiap containing a lat a label was affixed The tiaps fiom 
each aiea veie then collected togethei at a cential point, and from them a 
landoin ^election of the numbei necec^aiy to pioduce the inquired quota flora 
that aiea nas made In tin gang o\ei-eei in chaige The selected tiaps each 
containing one lat veie then placed within stout calico bags to prevent loss of 
fleas, and comc^ed In hand cart to the Haicouit Butler Institute of Public 
Health 

Flea collection — At the Institute the tiaps, still in then bags, weie col- 
lected and half a fluid ounce of petiol was pouied on each bag The tiaps 
neie then placed m a laige an -tight wooden box and left theie foi 20 minutes. 
In wdiich time lats and fleas liad been killed The tiaps w^eie next taken fiom 
the box, lenioved fiom then bags one bv one, and placed on a white sheet 
Each lat ivas tumbled out on to the sheet and the trap well tapped to shake 
out am fleas loose m it The lat wxas then combed caiefully for fleas and the 
lattei collected In a few laic instances in wdiich more than one rat was found 
w'lthin a trap the fleas obtained w'eie allocated equalty between the lats 
Each lat w'as identified and its paiticulais enteied upon the label 

The catch of fleas fiom each lat was placed m a sepaiate Wiight’s agglu- 
tination tube, wdiich wa« maiked with the coloui of the aiea fiom which the 
rat had been collected, and wnth the seiial numbei of the label on the tiap 

The fleas weie then tieatcd wuth liquid carbolic acid, sufficient acid being 
put in each tube to covei the fleas, and the tubes w'eie placed in a wire rack, 
lesting in a tin basin containing paraffin wax ovei a sand bath, and the whole 
laised to 120°C , and theieaftei allow'ed to cool to loom teinpeiature The 
fleas fiom each tube w'eie next cleaied in xxdol and mounted m Canada balsam 
in a low 01 senes of lows on a glass slide The cleaied specimens were identi- 
fied under a 2/3id objectnc, the pieliminary tieatment having lendered them 
so pellucid that the characteristic identification points could be picked out at 
a glance The identification of all fleas w^as carried out bv one of us (V IV F ) 
Aftei identification the flea paiticulais w'ere entered on the coiiesponding label 

Altogethei in the peiiod undei review 7,293 lats of seien diffeient species 
weie collected Table I shows m summary form the lesults obtained from the 
suivev 

Aveiage mimhet of lats pei tiap — ^This is showm m Table II The highest 
numbei of 36 1 lats per 100 traps was obtained in Febiuaiy 1928, and on the 
whole theie is a progiessive diminution in lats caught pei 100 traps from month 
to month, the drop fiom Apiil to May being pronounced, while during the last 
fom months Octobei 1928 to Januan 1929, the figures are fairly steady It 
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Bat-Flea Suivey of Rangoon 
Table I 

Total number of working dajs 252 

Total number of lats examined 7,293 

Total number of fleas obtained 1S,8S4 

Total number of X astia 17,891 

Total number of A' chcopis 990 

A\orage number of fleas per rat , 2 59 

A\orage number of A”" aslin per rat 2 45 

Average number of A' chcopis per rat 0 14 

was in the month of May that tiapping on a moic extensive scale began, and 
this may account foi the chop in numbei of lats pci tiap fiom Apiil to May 
Piobably tow'aids the end of the peiiod conditions had become stabilized and 
the numbei of lats pei tiap thciefoie appioachcd constancy 

Rat species by months — Table II gnes the lats caught b} months and 
by species It is lemaikablc that the two species Miis concolor and NesoLia 
bengalensis togethei foimcd 62 pei cent of the total 'lats caught These two 
rats have veiy diffoicnt habits of life, the formei being the indigenous house 
lat of Buima, wdiile the latter is a species wdiich lives in buiiow's outside 
houses Mus concoloi and Ncsolia bengalensis must be legaided ns the two 
common lats of the Poit Aica It is impoitant to note that R lattus wdiich 
is of such outstanding impoitance m othci paits of India is of much less 
impoitance in Rangoon wheic its place is taken bj M concoloi Table II show's 
that R lattus foimcd only 8 83 pei cent of the total lats caught w'liereas 
M concolor foimed 31 42 pei cent 

Distnbiition of lats by aieas — ^Tablc III gives this and it w'lll be obseived 
that the species distiibution is substantially unifoim throughout all the areas 
examined 

Sex distiibution of ints — ^An inteiestmg featuie is that out of a total oi 
7,293 rats caught only 1,644 W'eie males, the females caught being 77 46 per 
cent of the total The sex dispaiity xvas most maiked in the case of R noive- 
gicus with a late of ovei 12 females to each male caught, and least maiked 
m the case of Mus concoloi w'heie the rate w'as 2 females to each male 

Rat flea indices — The aveiage numbei of fleas pei lat w'as 2 59 The 
figure-indc Table V-vaiied fiom the veiy high index of 11 76 in Februaiy 
to 0 50 in September The flea index fell abiuptlj' in the month of June, by 
which time the lains w'eie wmll established, kept dioppmg to Septembei, then 
rose again to over 3 by Januaiy 1929, the four months of July, August, 
September and Octobei having indices of below 1 

The X astia index shows the same features as the total flea index, owung 
to the overw'helmmg piepondeiance of this flea thioughout the year, the figuies 
being X astia 94 76 pei cent and X cheopis 5 24 per cent (vide Table I) 
The remaikablj' high flea indices of Febiuaiy and Maich are theiefoie due to 


94 76 per cent 
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-Y astia, and the great seasonal variation m the flea index is almost entirely 
due to fluctuation in the numbers of X astia, the number of fleas found in 
February and Maich being 23 times the number in September 

When ve come to X cheopis ve find the indices less variable Leaving 
out for the moment the figure of 0 5 for Januarj’- 1928, the monthly X cheopis 
index onlj i aried betv een a highest of 0 22 in March and a lowest of 0 08 
in the months of September, October, November and Decembei The X cheopis 
index of 0 5 in Januarj 1928 followed upon a low mean temperature of 77 1°F 
lecorded for December 1927, which was the coolest month in Rangoon in the 
three jears period 1926, 1927 and 1928 As pointed out by Hirst (1926) the 
range of tempeiatuie betvecn 70°F and 80°F is favourable to X cheopis 
reproduction, pioiided that the dr 5 ing power of the air is not greater than 
that represented bj a i apour pressure deficiency of 0 3 inch of mercury 
The vapour piessure deficiency m Rangoon m December 1927 was 0 177, so 
that the month vas an exceptionally favourable one for X cheopis reproduc- 
tion The most striking featuie of Table V (illustrated better m the Graph 
— see opposite) is the remarkably low X cheopis index, to which further 
reference vill be made 

The high total flea index obtained in the months of February and March 
1928 suggested further im estigation, and therefore Table W was prepared, 
which demonstrates that the great flea increase in these months was not con- 
fined to any one species of rat or to the outdoor rats as compared with the 
indoor or nee lersa, but the proportionate increase is greater in certain species 
than in others, and is paiticularly marked in the case of R rattus This rat 
formed 8 83 per cent of the total rats trapped and, as the numbers were small 
in the months under consideration, the piobable error involved is correspond- 
ingly great We are only justified therefore m noting that the marked increase 
m the rat-flea index in February and March was exhibited by all species of lat 
and was therefore due to some cause common to all species 

Distribution of fleas by ateas — ^This distribution given in Table VII below, 
IS surprismgly regular, and shoi\^ that, whatever may be the fleas distribution 
in other parts of Rangoon, we haie a homogeneous area m the Pori 

Distribution of fleas by species of rats — ^Table VIII shows the distribution 
of the fleas found on the various rats Crocidura coerulea has been included 
in this and other tables because, although there is no reason to believe that it 
plays any part in the spread of plague, it harbours both X cheopis and 
X astia and was frequently^ met with and trapped during the survey 

Table 'STII illustiates two interesting points The first is the close corre- 
lation between the weight of the rat and the total number of fleas found 
Column 2 of the table gives the average weight of 100 consecutive fully grown 
adults of each species It will be noted that generally the number of fleas per 
rat corresponds vitli the aveiage weight Excludmg Crocidura coerulea whose 
habits of life are rather different from the true rats, the only discrepancy is in 
the figmes for Nesokia bengalensis and Rattus norvegicus This discrepancy 
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is piobablj due to the coiiect coiiclation being between tlve ^\ddable skm 
aiea lathei than the n eight of the animal, Ttaitus no7vegiciis having a gieatei 
skin aiei in piopoibion to its weight than Nesokta bengalensis which is a burly 
tinck-set lat 

The second point of intciest is the inaiked piefeience shown by X cheopis 
foi the three lats Mni> concolo) , Rafhts iattu‘^ and Mus nmscidiis These rats 
ill shon a A’ chcopis iicicentage of aiipioMinatelj 25, compaied with 4 33 foi 
Raiiui, noivegicns and 2 00 foi Ncsokia bengalensis Crociduia coeinlea on 
the othei hand gives a figuie of 7 07 Miis concoloi , Rattus lattus and Mas 
vnisaihis aic all hou'-c lats, nhilc Rattus noivegicus and Nesokta bengalensis 
Inc oiitsulc Jioiiscs and Ctoiidmn cm idea i'- betwixt and between It appears 
leasouable theicfoic to as'-ociatc tlic picfcicncc of X cheopis for the house 
lats nith the nioic equable conditions of tcmpeiatuic and huinichtT which 
])iciail indooi" Honciei this niai be, the i datively high X cheopis figiiic on 
thc'-c lats IS in keeping with the lecognized gieatei dangei of human plague 
fioni tlicsc domestic species tlian fioin the oiitdooi ones The mam lole of 
the outdooi lats m the spiead of human plague is to pass the epizootic to the 
house lats fioin vlnch the human infection is deiived, and it is an mteiestmg 
point that X cheopis should exhibit such a maiked piefeience for the domestic 
species 

Sev distnbidion of fleas — Bacot, Petiie and Todd m Egypt (quoted by 
Hirst, 1926) and Hiist (1926) m Colombo have made obsenations on the 
piopoitioii between the sexes of lat-fleas, with somewdiat \arymg lesults 
Table IX gives the figures w'e have obtained wdiich show a pieponderance of 
females of both species paiticulaily m the case of X astia 


Table IX 

Sex disttibution of fleas 




Males 

Females 

Species 

Total 


j Sex 

Per cent 

I 

Total ; 

1 

1 Sex 

Per cent 

A”" rhcopis 

447 


I 

4515 

543 j 

5485 

X aslm 

6,721 


37 56 

11,173 

62-44 




SUMMAKX 



1 The Rangoon Poit Aiea w'as surveyed ovei a period of twehe months 
and 7 293 rats examined, producing 18,884 fleas 

2 The distribution of the laiious species of lats and fleas throughout 
the vanous section of the area suivejmd was maikedly homogeneous 
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Bai-Flea S^irvey of Rangoon. 


3. M. concolor and N bengalensis were the commonest rats found, being 
present in nearly equal piopoitions, and together forming 62 per cent of the 
rats examined i? ratin‘< foiincd onl}’’ 8 83 per cent of the total 

4. The indooi lats computing M concolo) , It lattus and ilf miisciilus 
formed 53 63 pei cent and the outdooi lats, namely iV hengalensu and 
B noivegicns 42 57 pei cent, wJiilc C cccuilca which is of ambiguous habits 
foimed 3 80 per cent 

5 The aveingc niiinbci of lats pei 100 tinps varied from 36 10 in 
Februaiy to 13 87 in Novcmbci 

6 Foi all species of lals the flea index was 2 59, the X asUa index 
being 2 45 and the X cheopu index 0 14 

7 Thcie wms a pionoiinccd seasonal fluctuation in the number of 
X astia while X cheopt’; leinaincd at a iclatncly low level tliroughout 

8 The suivey, wdiile dcmonstiating a low pic\alcncc of X cheopis, brings 
to light a marked relative piefcience of tlii"; flea foi the indoor rats as opposed 
to the outdooi lats 

9 Tables aic gnen indicating a lelationship between the number of fleas 
found pel rat, and the weight of the lat, and showing the sex distribution of 
rats and fleas by species 


Crago, F W (1921) 
Idem (1923) 
Hirst, L F 
Idem 
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ESTIMATION OP STATURE FROM LONG BONES IN 
INDIANS OF THE UNITED PROVINCES 
A i\rEDICO-LEGAL INQUIRY IN 
ANTHROPOMETRY 


B\ 

Captain B S NAT, md, frcs, ims, 
Professor of Anatomy, K G Medical College, Lncknoiv 


[Recened for publication, November 18, 1930] 


This imestigation was undertaken on the suggestion of the head of the 
Depaitment of Foiensic Medicine who informs me that theie aie no authentic 
data for the population of these provinces The question he told me very 
often comes up in judicial pioceedings but foi want of any authoritatne figures 
has to be given up altogether as a help m identification He is of opinion 
that with the figures a^allable in the textbooks (derived of course fiom obser- 
vations on Euiopean mateiial) the margin of enor m estimating the statuie 
from a long bone is 8-10 inches The British authorities are of a similar 
opinion e\ en about British figures as the following few quotations show — 

Glaxstei says, ‘We aie disposed to discount very largely any conclusions 
from averages Any conclusion so arrived must depend foi its correctness 
upon the presence of half of the skeleton , otherwise it cannot be considered 
flee fiom eiroi to the extent probably of several inches’ Aitchison Roheitson 
says, ‘ From a single bone it is almost impossible to deteimme the stature with 
any degiee of exactitude ’ Dixon Mann says, ‘ Estimation of stature fiom the 
ineamiements yielded by one oi two bones are very unreliable ,they partake 
largely of the nature of guess work ’ Devergee is of opinion that these esti- 
mations aie liable to lead to an error of 5 inches at least 

It IS veil known that the pioportions vary in different laces and so the 
application of figuies, derived from European material for estimation of stature 
from long bones m these piovmces, would in any case be open to serious 
objection, and when these same figures even for Europeans aie considered by 

( 1246 ; 
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the niithonties ns of doubtful value, the need foi an investigation of this natuie 
becomes veij obvious 

Apait liom the inapplicability ol le-^ults deiived fioni one lacc to anotliei 
the chief >^0111 ce of eiioi in the xaiiou" obsenations ‘•o fai made appeals to 
me to luuc been, that the a\ei.ige pio])oiti()n ha^ been aimed <it ineiely by 
calculating the avciagc ''tatvuc of si\ .1 hundied bodiC‘' and the a\ciagc length 
of a ceitain long bone (.ilculatcd fioni ine.i^uieincnt'^ of one luindicd such 
boiic", not necc'^'-ai ilv belonging to the "ainc bodies, fioin whom the avciage 
fctatuic va" calculated It is obMoU" that the lesult will be inoic accuiate 
if the nieasuicinents aie taken on bout"- of the ‘^aine body whose ‘=tatuie vas 
fii-t incaMiicd .uul the a\ci.igcs tlicn woikcd out 

AJ^ ob^civation^ di''CU''‘'Cd latei in tin'' pajici lia\e been made on material 
so collected that the bone- incaMiicd could be identified a^^ belonging to the 
bodie^' vlio'^e statin e va*' hist nieasuicd, and ^0 this souice of eiioi in 
o'^tiniating aiciagc^- na'- clninn.ited Thc‘-c iiiea^uicnicnts Inne all been made 
on male <idults onlv a*' it vas lealized that inti eduction of female and imma- 
tuie bone'' mil iitiate the ic'-ult'' Fmtliei a-' tlicie i'- u'^ually some difieience 
between the length" of bones of the tno ''idc" the length of a bone fiom a body 
\ia" taken to be the mean, between the lengths of bonce of the two sides 
These meaeuicmcnts on macoiatcd bones vcic of coiiisc all on bones mthout 
the aiticulai caitilagc" and eo a imllimctic on citliei end will haic to be 
alien cd foi m the piactical application of these ie"ults All bones with any 
suspicion of diecaec ncic icjectcd foi the pinpoec of these measiuements 

The instiuments need in these measiuements have been the Osteometiic 
Boaid, Slide Compass and Flowei’s Cianiometie used as Calhpeis 

The total numbei of bones examined was 100 in the case of the bones of 
the uppei extiemitj'- and 80 in the case of the lowei extiemity These obsei- 
vations aie appended in the tables at the end of this papei 


Humei vs 

This bone was measuied by means of the Osteometiic Boaid — ^the lowei 
edge of the tiochlea touching one end and the highest point on the head of 
the bone the othei The average of this measinement works out to 306 mni 
and as the average statin e is 1,636 mm the length of a given humeiiis would 
have to be multiplied by = 5 3 to get the stature I propose calling the 
figure thus arrived at ‘Multiplication Factor ' or M F in the coiuse of tins 
paper Therefore one can summarize by noting that M F of the humerus is 
5 3 {vide Table I) 

Radius 

This bone was mca«uicd by means of an Osteometiic Board from the 
highest point of the maigm oi the head to the point of the styloid pioce|.-!S 
]\I F of RadiUb woiks out to 6 9 (vide Table I) 
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Ulna 

Ulna n is nica^iucd In means of an 0<tconieUu Boaid fiom the tip of the 
olecranon pioccss to the tip of the st^lold piocess II F of ulna norks out 
to 6 3 (vide Table I) 

Table I 


Penal No 

Stature m mm 

1 

1 

Lp^GTH IX MILUMFT 

Humerus Ulna 

RES 

Radius 

1 

1,505 1 

274 

223 

204 

2 

1,508 

277 

224 

205 

3 

1,530 

1 

279 

231 

214' 

4 

1,532 

j 

280 

234 

215 

5 

1,540 

297 

252 

232 

6 

1,540 

297 

, 254 

1 

232 

7 

1,546 

285 

243 

222 

8 

1,515 

292 

248 

1 227- 

9 

1,574 

305 

260 i 

1 

242 

10 

1,577 

307 j 

256 ' 

243 

11 

1,578 

1 

292 i 

[ 259 

j 238 

12 

1 1^81 

297 ! 

j 258 

' 237 

13 

1,584 

303 

' 

1 252 1 

1 ; 

229 

14 

1,586 

307 

' 1 

1 257 

240 

15 

1,593 

302 

253 1 

231 

1C 

1,596 

306 

1 261 

1 

i 240 

17 

1,599 

305 

1 250 

227 

18 

1,599 

311 

262 J 

240 

19 

1,631 

296 

1 1 

246 

i 229 

20 

1,635 

302 - 

' 268 

245 

21- 

1,636 

300 

270 

248 

22 

1,645 

299 

256 

241 

23 

1647 

306 I - 260 

244 

24 

1,654 

295 

j 250 

230 

25 

1,655 

298 1 

i 262 

1 242 
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T/VBlc I — conoid 


F^oml No 

Stature in mm 

Length in MmuMETnes 

ITumcnis 

Ulna 

Radius 

2 r> 

1,656 

297 

254 

236 

27 

1,659 

209 

243 

227 

28 

1,659 

299 

263 

243 

20 

1,663 

302 

216 

230 

80 

1,663 

312 

267 

240 

31 

1,669 

310 

256 

236 

32 

1,669 

315 

269 

244 

33 

1,672 

301 

252 

233 

34 

1,674 

312 

269 

246 

35 

1,675 

318 

271 

249 

36 

1,677 

316 

265 

242 

37 

1,679 

314 

263 

242 

38 

1,680 

298 

270 

255 

39 

1,685 

316 

264 

243 

40 

1,685 

324 

270 

251 

41 

1,687 

322 

255 

236 

42 

1,692 

321 

254 

234 

43 

1,692 

325 

273 

251 

44 

1,702 

317 

268 

244 

45 

1,705 

330 

250 

262 

46 

1,720 

322 

266 

244 

47 

1,720 

332 

278 

262 

48 

1,724 

327 

266 

243 

49 

1,735 

331 

274 

257 

50 

1,739 

334 

276 

255 


Femui 

This bone was measured by means of an Osteometiic Boaid by fiist placing 
the two condyles in contact with the fixed end, the shaft thus lying obliquely, 
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and then shutting down the movable piece on the head M F for femur 
woiks out to 3 7 {vide Table II) 

Tibia 

The measurement taken on this bone was the one known as the condylo- 
malleolar length from the proximal articular surface of the internal condvle 
to the tip of the malleolus M F for the tibia works out to 4 48 {vide 
Table H) 

Table II 
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EsI /Dial 10)1 of Sinful c of liKhaii^ iu U P 

' 'J'UJLL II — (OlUld 


S( 1 1 tl No 

S( iliiK in mill 

J 1 

MTll IN MILLIMITIII 

1 

1 ( mill 

illlll 

I 

1 1 iliiil i 

23 

1 

1 G27 

120 

300 

1 

I 365 

24 

1 030 

ni 

too 

363 

25 

1,630 

419 

308 

370 

2C 

1,0(0 

444 

371 

373 

27 

I 052 

442 

373 

366 

2S 

1 075 

417 

300 

367 

29 

1,080 

152 

m 

I 

_ 369 

30 

1,GS1 

450 

375 

372 

1 

31 

1 0S2 

451 

381 

384 

32 

1 082 

458 

383 

383 

33 

1 084 

455 

371 

368 

34 

1,090 

400 

! 371 

1 

304 

35 

1 091 

147 

38.5 

383 

3G 

1 

1 091 ! 

452 

373 

373 

37 

1,697 

151 

387 

383 

38 

j 1,737 

470 

1 381 

1 

377 

39 

' 1,740 

472 

382 

379 

40 

1,747 

1 

471 

385 

385 


Fibula 

The niea'-uiciiicnt^; of tlii'' ))onc me not ‘^o useful foi oui puipo^'e foi tins 
bone IS often found AMtli the end'? A\oin off If intact the inaMiniun length 
po'jsible with the Osteonietne Boaid i"? taken M. F foi this length of fibula 
^\oiks out to 4 48 [vide Table II) 

The ineasuienient'? abo^e selected in each bone aic not the best foi 
piactieal pui poses 'as the ends of many bones like jthe styloid pioces'^es ina}’' be 
absent m medico-legal inateiial oi, as in the cafee of the femui, the length 
measuied as aboyi 


well known yaiie 


te will ^al^ accoiding to the angle of ^the neck|Wdnch as is 
at diffeient life periods I am theiefoie calculating the 
M F foi othei njoie piefeiablc measiuements m some of these bones These 
lesults wall be published as a sepaiate note latei on 

In 01 del to test m-^ ie‘?ults and to estimate the amount of eiioi one is 
liable to make in the estimation of ctatine fiom a single long bone accdiding 
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to the above figures, I piepared another senes of 15 upper extremity and 12 
lower extremity bones where the stature of the body from which these bones 
were derived was knovn The eiioi in the estimated stature as worked out 
according to my lesults is shown in millimetres in the Tables A and B for 
the bones of the uppei and low^er extieniities lespectively 

The average eiioi in estimating the stature fiom a single bone in this 
series m Table A wmiks out to 27 mm , 40 mm , and 35 mm m the case of 
humerus, radius and ulna lespcctively Putting it differently it can therefore 
be stated that it is possible to estimate the stature of a body from its humerus 
within 1-|", fioni its ladius within 1|", and from its ulna within 1^' of the 
correct figure This result is a marked impiovement on the present position 
with regard to this calculation as brought out in the extracts quoted from the 
medico-legal authoiitics at the beginning of this paper Taking the average 
stature of males in these provinces to be 64" and putting the error even at 2" 
in the case of the uppei extremita, the peicentage of eiror wmrks out to only 
3 per cent 


Table A 
Upper exti entity 


Senal 

No 

Real 

stature 

Humerus 

Radius 

Ulna 

Estimated 

stature 

Error 

Estimated 

stature 

Error 

Estimated 

stature 

Error 

1 

1,614 

1,664 

50 

1,697 

83 

1,663 

49 

2 ! 

1,585 

1,552 

33 

1,587 

2 

1,556 

29 

3 

1,742 

1,696 

46 

1,711 

31 

1,709 

33 

4 

1,590 

1,653 

63 

1,649 

59 

1,606 

16 

6 

1,593 

1,632 

39 

1,642 

49 

1,625 

32 

6 

1,622 

1,621 

1 

1,711 

89 

1,701 

79 

*7 

1,745 

1,733 

12 

1 1,738 

7 

1,732 

13 

s 

1,624 

1,637 

13 , 

1,683 

- 59 

1 

1,663 

39 

9 

1,460 

1,431 

29 1 

1,442 

18 

1,456 

4 

10 

1,600 

1,563 

27 

1,593 

7 

1,606 

6 

11 

1,661 

1,627 

34 


43 

1,682 

21 

12 

1,648 

1,674 

26 

1,649 

1 

1,669 

21 

13 

1,498 

1,494 

4 

1,386 

88 

1,411 

87 

14 

1,548 

1,561 

13 


52 

1,631 

83 

15 

! 

1636 

1,648 

12 

1,649 

13 

1,650 

14 


J, MB 


13 
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Table B 
Loivei extremity 


Serial 

No 


Fl MUH 

1 

Tidia 

Fibula 

Real 

stature 

Estimated 

stature 

Error 

Estimated 

stature 

Error 

Estimated 

stature 

Error 

1 

I 1,590 

1,576 

14 

1,017 

27 

1,568 

22 

2 

1,742 

1,739 

3 1 

1 

1,604 

78 

1,662 

80 

3 

1,622 

1,605 

17 

1,600 

44 

1,576 

46 

4 

1,593 

1,550 

43 

1,508 

25 

1,545 

48 

5 

1,507 

1,517 

10 

1,523 

16 1 

1,518 

11 

6 

1,460 

1,413 

47 

1,456 

4 I 

1,406 

54 

7 

1,524 

1,542 

1 

IS 

1,541 

i 

17 

1,527 

3 

8 

1,590 

1,568 

22 

1,581 

9 

1,554 1 

j 

36 

9 

1,704 

1,065 

39 

1,697 

7 

1 1,657 j 

47 

10 

1,624 

1,642 

18 

1,657 

33 

1,603 

21 

11 

1,636 

1,013 

23 

1,599 

1 37 

1,590 

46 

12 

1,490 

1,457 

33 

1,447 

43 

1,442 

48 


A similar calculation of eiioi based on 12 tests in the case of the bones 
of the lowei extremity {vide Table B) bungs out that it is possible to estimate 
the stature of a body from its femui within 24 ram (1"), from its tibia within 
28 mm (or a little ovei an inch) and fiom its fibula within 37 mm (1^") of 
the correct figuie The peicentage of eiioi theiefoie in the case of the bones 
of the lower extremity woiks out to 2 3 per cent 


SUMMAR-i OP RESULTS 

(1) The lesults aie expiessed m the foim of a figuie wdiich I have called 
the M F (Multiplication Factoi) foi a paiticulai bone The length of a 
given bone is to be multiplied by its M F to estimate the statuie The M F 
of the various bones accoidmg to these observations are as follows — 



M F 

Humerus 

5 3 

Radius 

6 9 

Ulna 

6 3 

Temur 

3 7 

ibia 

4 48 

I bula 

.. 4 48 
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It IS to be noted that the ‘ length of a bone ’ for this calculation means 
the length as measuied between the anatomical points given in the text, when 
the articulai cartilage is absent 

(2) Geneially speaking it is possible with these figures to estimate the 
stature of a bodj fiom a long bone to within 2" (although it is less in the case 
of the bones of the lower extiemitjO — a marked improvement on the opinions 
expressed bj various authorities on the matter 

(3) The figures obtained aie primarily for application to the population 
of these provinces and gne valuable data of medico-legal importance 

(4) The margin of eiioi, even at the highest, is not more than 3 per cent 
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I Introductorv 

That the control of cholera constitutes one of the greatest and most 
urgent of the public health problems of India few will deny This country 
IS, indeed, the great endemic home of this pestilence and the main source of 
infection of the rest of the vorld, and a peculiar responsibility therefore rests 
upon those responsible foi medical policy and practice that every possible 
effoit IS made to stamp out this great scourge of the human race But although 
the contributions made by Indian workers to scientific knowledge of the 
epidemiology of cholera are both numeious and important, jet it must be 
admitted that the solution of the problem of the control of this disease is yet 
to seek It is, however, not generally realized, except perhaps by those with 
practical experience of choleia epidemics, what little progress has been made 
in controlling the disease, and it is even less n idely recognized that the relative 

{ 1255 ) 
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failuic of modem jnctliods of contiol is not meiely tiic outcome of piactical 
difficulties of an admini<5tiatnc oidci but i*; also, in large measure, dependent 
upon the incomplete state of scientific knowledge of the natuial history of the 
disease 

The MOW, indeed, widch piCNaiK that cholcia epidemics can be readily and 
quicklj suppiessed b^ the piomjit application of a few simple mcasuies, such 
as the disinfection of watei -supplies, the protection of -food and drink, the 
inoculation of contacts (and jnlgiims) and the isolation and tieatment of the 
sick, and it is often assumed th.it a failuie of thccc measures to control the 
disease implies lack of cneig\ and icsouice uiion the jiait of the admmistiative 
01 executnc authoiities icspoiisiblc foi apphing them 

It ma^, theiefoie, be well to ex.unine the piccise position m lespect of the 
incidence of choleia in India with a Mew to ajipiaising the progress made 
duiing lecent ^eals in contiolling the disease 

The laige fluctuations that noimalh occui in the annual mortality from 
cholcia lenclei it difficult to detect the existence of a trend o\ei a short period 
of jmais and it is consequenth impossible to determine with precision the 
effect of pie\entnc measuies dining leccnt vcais in i educing the cholera 
death-iate It will, howevci, be seen, fiom a scrutiny of Chait 1 (which is 
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reproduced from the chart published in the Annual Report 0/ ihe Public 
Health Commissioner with the Government of India, 1927) that no striking 
reduction in the recorded mortality fiom cholera in British India and no con- 
spicuous decline in the frequencj’- or intensity of epidemics, is discernible during 
the period 1877-1927 

But if it is not possible to contemplate this chart with any feeling of 
satisfaction, it IS or it may be significant that duiing the past ten years (1918- 
1927) the choleia mortality was exceptionally low during five years, whilst 
during the five years in which the disease was widely prevalent the mortality 
was relatively lov as compaied with many pievious years of high moitality 
The same remarks apply to the choleia mortality m the Punjab during this 
period and a sciutiny of Chart 2, m which the annual cholera mortality during 
the period 1867-1929 is shov n, does not suggest the occurrence of a downward 
trend during the past ten 5'ears 

So far as the peiiod 1867-1921 is concerned, a detailed statistical analysis 
of the mortality figures of the Punjab, earned out by S M Jacob (1923), 
led this statistician to diaw the induction that ‘there was no sign of general 
diminution dm mg the above peiiod’ 
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Chart 2 

Cholera mortality in the Punjab, 1877-1929 
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It lio\\ovci, nocc'^sniv to make allouancc foi tlic incomplete nature of 
tlic ‘!tat]‘=tica] 1 etui ns flunnp; tlic cailv pait of the above peiiocl, and it must 
also be lemembeiecl that iinpio\ecl facilities of transport during recent years 
may ha\c appieciablv inci cased the oppoitunitics for the spread of the disease 
and augmented the difficulties of conti oiling it 

It ma-s theicfoic be tliat the mcasuic of succcs*! attending the efforts 
made to conti ol cholcia duiing tlic pa«!t ten \cais has been somewhat greater 
than the moitalih ':tati«tics vould appeal to ■suggest 

I^cvei thclc'^s, a mcasuic of ‘contiol’ vhich pcimit ‘5 of the occurrence of 
a mortality of appioxiinatch 300,000 710 minum cannot be regaided as satis- 
factoiy But even thi'; high figiuc, nhich in many xears is greatl}' exceeded, 
fails to com ey any idea of counties'^ tiagcdics enacted c\cry year b)'’ this the 
most alaiining and the ino'jt di'^tic'^'^ing of all epidemic diseases In view 
theiefoie of the high incidence of the di'-ca'^e and of the small success that 
has attended the efforts made to conti ol it, the expediency and indeed the 
necessity of undei taking a compichcnsnc stvKh of the epldemlolog^’■ of cholera 
IS obvious * 

The need of earning out an inA estigation of this nature came conspicu- 
ously to notice when it was found, a*? the icsult of obseivations in the Punjab, 
that many features exhibited b^ cholcia epidemics could not be satisfactoiily 
explained in teims of existing knon ledge tcgaichng the mode of spiead of the 
disease It is proposed in this communication to gne an account of these 
obseivations, but befoic doing «o it should be explained that, on the basis of 
these obseivations, the senioi authoi (C A G ) 1 cached the tentative con- 
clusion in the yeai 1927 that it was ncccssaiv, in order to account for certain 
epidemiological featuies exhibited by cholcia, to jiostulate that some hitherto 
unsuspected agency vas laigely concerned in the spiead of the disease, and 
the woiking hypothesis was eventuall} foimulated that the missing link in 
the chain of infection yms piobably the house-fly There is nothing novel 
attaching to this suggestion, since the house-fly has long been suspected, on 
evidence which appeals to be not entiiely conclusive 01 exhaustive, 
of acting as a poitei of the choleia vibiio, but the postulate it was necessaiy 
to make, in ordei to account foi the epidemiological facts, was that the house- 
fly acted, not meiely an accidental mechanical pollutei of human food and 
drink, but as a tiue biological ‘caiiiei ’ of the choleia Aubiio-in othei woids 
that the choleia vibiio undei goes a cycle of development m the tissues of the 
house-fly and is thereaftei disseminated by this insect with the ease and 
ceitainty associated with tiue biological ti ansniission This liypothesis was 
foimulated in Novembei 1928, but as epidemiological obseivations, like statis- 
tical inductions,' possess little value until they have been verified and confiimed 

* At the instan(;e of the senior aiithoi (C A G ) the annual conference of research 
workers held under^he auspices of the Indian Reseaich Fund Association at Calcutta m 
1928 and in 1929 pass^ resolutions uiging upon the authorities the necessity of underta mg 
such an investigation \ 
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bj laboiatoiy expeiiinents, it was necessaiy to put the hypothesis to the test 
of ciucial experiment This part of the leseaich was conducted by one of us 
(R B L ) , but owing to reasons to be detailed later, it was not until August 
1930 that the investigation reached a stage when it became permissible to 
draw tentative conclusions 

The results of the expeiiments, which wull be detailed later, are however 
of so suggestive a nature as to wan ant the inference that the house-fly may 
be a true biological earner of the choleia vibrio and that this insect may 
therefore play an important and even essential pait m the natural histor}'' of 
cholei a 

It should be emphasized that the experimental investigation (for which 
the junior author is solely responsible) is at present admittedly incomplete, 
but, although these experiments suggest that the cholera vibrio undergoes a 
cycle of development in the tissues of the house-fly, it is recognized that this 
conclusion is at present tentative and that it is not, at present, permissible to 
conclude that cholera must be regarded as essentially an insect-borne disease 


II Epidemiological Observations 

(a) General Account oj Choleia in the Punjab, 1924:-1929 
Although the literature of cholera is extremely voluminous, modem 
researches have been largely concerned wuth the study of the types and strains 
of the cholera vibrio and wuth attempts to determine by means of statistical 
analyses the part played by climatic and meteorological conditions m the 
' epidemiology of the disease These latter investigations admittedly require 
to be supplemented by field as well as laboiatory investigations, and as this 
aspect of the subject has not received much attention, no apology^ is needed for 
placing on record the result of a study of actual happenings m the field It is 
proposed therefore in this section to give a general account of the history of 
cholera in the Punjab during the six yeais 1924-1929 and thereafter to sum- 
marize the salient features of the behaviour of the disease during this period 
During the six years 1924-1929, 3,315 outbreaks of cholera have occurred 
in the Punjab and thej’^ were responsible for appioximately 40,000 seizures and 
22,166 deaths m 298 towms and in 2,917 villages All these local outbreaks, 
wdnch include also isolated cases, w'ere investigated immediately after their 
occurrence by officers of the Public Health Department and all important 
outbreaks formed the subject of detailed investigation In field investi- 
gations, it IS rarely possible to make observations upon -whose accuracj’^ 
absolute reliance can be placed, nevertheless, it is thought that the facts brought 
to light in this investigation-though not necessaiily the inferences drawn 
therefiom-may be regarded as substantially accurate These reports, both 
general and special, have been summarized at the end of each j'-ear and it is 
now^ proposed to give a brief account of the history of cholera during each of 
the SIX years from 1924 to 1929 
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1924 

In 1923 the ninnbei of iccoidccl deaths from cliolera in tlie Punjab was 
elevon-tho disease in all instances being nnpoi tcd-biit in the year 1924 
cholcia nas lesponsiblc foi 3,351 deaths (0 16 pei millc) The source of 
infection ■v\as not, in all instances, traced, but, as in previous yenvs, the first 
seizin es occuiicd alino'Jt exclusivelv ainong'^t pilgiiins returning from the 
annual spiing fan at Ilaidwni The attendance at Ilardvai, in the year 1924, 
ivas not iinusuallv laigc, but it ^\a‘^ anticipated that this fair vould be the 
means of spi ending cholcia in the Punjab (and special pieparations were made 
to meet the thicatcned dangci) because cholera vas abnonnallj prcialent at 
this time in the piovincc of Bihai and Oiissa and in adjoining parts of the 
United Piovinces Cholcia began to occin in the Punjab immediately after 
the conclusion of the fan In mam instances the pilgrims developed the 
disease either duiing the ictuin jouincv fiom Ilaidnai to their homes in the 
Punjab or nnmcdiateh aftei their annal, sonietinics the pilgrims themselves 
escaped, vhilst the disease attacked then fi lends and iclatives, to whom, 
according to custom, thei had distnbutcd hoh vatci oi svectraeats At this 
time the disease was confined almost c\clusi\ch to Hindus and the infected 
localities weic mainly situated m the distiicts of the Ambala, JulIunHur and 
Lahore Divisions, which constituted the home of the majority of the 
pilgums The numbei of localities known to ha\e been infected in this 
mannei during Apiil, May and June was 15, but the numbei of seizures 
was small, and the total numbei of deaths up to the end of May w'as 
only 24 Piom the pi mini y foci the disease in most cases disappeared 
wuth the death oi lecoven of the pilgiim, but in a few' one or 
moie indigenous cases occuiied aftei an mtcnal of about a w'eek 
The disease also spiead slowly and insidiously to othei, usually neigh- 
bouiing, villages (secondai}' foci) and the numbei of outbieaks, as w'ell 
as the numbei of seizin es in each, steadily increased dining the months of 
July and August The epidemic i cached its ma\imum intensity in the month 
of Septembei and theieaftei rapidly declined until at the end of October the 
province w'as completely fiee Dining the epidemic, outbreaks occuiied m 
560 localities, viz , in 56 out of 158 towms and m 504 out of 34,099 villages 
In most of the 560 infected localities the outbieak was small in extent and 
short in duration and the mean numbei of deaths in infected towms and villages 
was 16 4 and 4 8, lespectively In 30 out of the 56 infected towms the deaths 
from choleia were five or less, in 18 towms, betwmen 6-20 deaths, in four towns, 
betwmen 21-50 deaths, and m foiu towms the numbei of deaths exceeded 50 
Towns w'ere relatively severely infected and the urban death-rate wms 0 44 
per 7 mlle or more than tliiee times the luial deatli-iate (0 13 per imlle) 

In no instance did the disease exhibit definite explosive chaiacters and in 
the four towns in which ovei 50 deaths occuiied, the outbreaks were characterized 
by the occurience ovei a peiiod of several weeks of a small daily number o 
cases with no apparent connection betwmen them 
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The salient featmes of cholera m the a ear 1924 iiere therefore the intro- 
duction of the disease fiom Hardi\ai in April and May and thereafter, after 
an interval of about 2 months, of the occurience of large number of small and 
short-lu ed "outlireaks m towns and villagcs-and, m the case of a few towns, 
of outbreaks relatively long in duration and scatteied m distribution 

1925 

Choleia disappeared from the Punjab eaily m November 1924, and, so 
far as is knoun, from this time onwards until April 1925 the disease was com- 
pletely absent from the province 

The state of Kashmir which lies to the north of the Punjab is believed to 
have been infected bj’' pilgrims from Hardwmr in the summer of the previous 
jear, m same manner as the Punjab, but in this state, although no conspicuous 
outbreak took place m 1924, a small number of cases continued to occur 
throughout the winter of 1924-1925, in spite of the fact that the country was 
under snow and the thermometer wms several degrees below freezing point 
With the onset of spring (jSIarch) a definite recrudescence took place which 
was followed m the ensuing summer, by a severe and wudespread epidemic m 
Kashmir in wdiich over 10,000 persons lost their lives 

The first outbreak of cholera m the Punjab took place in the north of the 
Punjab in a district (Jhelum) wdiose eastern boundary is co-termmous wuth 
that of Kashmir {vide Map) It was not possible to trace the manner m 
'which cholera spread from Kashmir to the Punjab, but it was surmised, as 
stated elsew'here (Gill, 1926), that the small unreported outbreak of cholera 
that occurred at the towm of Find Dadan Khan m Jhelum district on April 
1st, 1925, was due to importation from Kashmir It so happened that a 
rehgious fair, wdiich is usually attended by some 50,000 persons, was about to 
be held at Katas-a village some 10 miles distant from Pmd Dadan Khan- 
and subsequent investigation rendered it probable that infection was conveyed 
from Pmd Dadan Khan to Katas The fair passed off without incident until 
the last day (April 12th) when, followung the ceremonial immersion m and 
drinking of the waters of the sacred tank, an explosive outbreak involving 
several hundred persons broke out amongst the pilgirms who at that time 
w^ere dispeising or about to disperse to their homes 

As a result of this catastrophe cholera wms spread by road and rail far 
and wide, but mainly to neighbouring districts, with the result that, within a 
fortnight, some 700 seizures and 320 deaths from cholera occurred (almost 
exclusively amongst pilgrims) m 11 districts of the province In most mstances 
the disease was limited to pilgrims, but in a few localities the arrival of an 
infected pilgrim w^as followed by small local outbreaks, and m one village the 
discovery of a corpse of a pilgrim who had died from cholera m a canal distri- 
butary wdnch formed the mam somce of drinking water of the village, was 
followed by a short but exceedingly sharp outbreak Some of the secondary 
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foci gave use to others and in tins mannei the numbei of infected localities- 
eacli activel}" infective foi a biief peiiod only-steadily inci eased, so that 
within a month of the outbieak at Katas some 2,000 seizures and 913 deaths 
from choleia occuiicd Bj’’ the end of Maj the disease began to decline, but 
small outbreaks continued to occui mainly in the oiigmally infected districts 
until the month of Octobei, when the disease spontaneously disappeared 

In May, howevei, choleia was impoited into seveial districts in the south- 
east of the pioMnce bv pilgiims fiom Haidwai and othei places in the United 
Piovinces and, as a lesult of infection deiived from this souice, a senes of 
small outbreaks occui led in the distiicts of Gurgaon, Ambala and Hoshiarpur 
during the months of Juno to Septembei 

The total nunibei of choleia deaths dining the jmai was 3,049 (0 15 per 
miUe) and the 634 infected localities comprised 49 towns and 585 villages 
The mean number of deaths m infected towns and milages was 11 7 and 4 2 
respectnelj, vhilst the urban and rural cholera death-rate was 0 28 per mille 
and 0 13 per nnlle lespectively In the 49 infected towns, the number of 
deaths nas 5 or less m 28 towns, m 12 towns between 6-20 deaths, in six 
between 21-50 deaths, and in 3 tonms between 51 and 100 deaths, but in no 
large town did the outbreak exliibit explosive chaiacters In its mam features 
therefore the outbreak in 1925 diffeied sharply from the outbreak of the previous 
i-^ear The piobable source of infection nas Kashmir in the north and not 
Hardy ar in the south-east, the area mainly involved was hkewise distinct and 
so also was the period of the year of the mam outbreak- (May) instead of 
August 01 September-and finally the conspicuously explosive character of the 
original outbreak at the Katas fair was m sharp contrast with the slow and 
insidious onset of the epidemic in the previous year 

1926 

After the disappearance of cholera m October 1925 the province lemained 
completely free until April 1926, when two deaths occurred, which were followed 
by 3 in May and 5 m June The source of infection could not be traced but 
it IS perhaps significant that they did not occur m localities infected at the end 
of the previous epidemic, but in the area which is usually infected by pilgrims 
from Hardwar The chief feature of the year was the failure of the disease 
to spread and the absence of any outbreaks of appreciable proportions The 
total mortality during the year was 87 and in the 11 infected towns the mean 
number of deaths was 3 9, whilst in the 23 infected villages the mean number 
of deaths was 1 9 

In 8 out of the 11 infected toums the number of deaths was five or less 
and in the remaining three, the cholera deaths were less than 20 The mild 
incidence of cholera may have been due to decreased importation, as the cholera 
death-rate in the United Provinces was 0 13 per mille as compared with 0 17 
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per nnlle in the picMOU'? \cai, but it is doubtful whether this cii curastance 
w'as wholly icsponsible foi the low incidence of the disease 

1927 

The feeble outbieak of eliolein in 1920 ended in November and the province 
was completely fice, so fai ns is known, until April 1927, but m this month 
a Kumbh Fan wa'; held at Hardwni and the rc-appcaiance of cholera m the 
Puniab followed closeh upon the leturn of pilgiims to the Punjab The 
culminating dajs of the fan wcic Apiil 14tli and 15tli and within a w'eek of 
the latter date some 100 cases and 48 deaths occurred (mostly amongst 
pilgiims) in 15 distiict*; In ‘=01110 instances choleia declared itself during the 
letuin loiiiney, but moic often shoith aftei arrual, in others, a w'eek or ten 
days elajiscd before the disease dc\ eloped, and in still others the pilgrims 
remained hcalthv whilst then i datives and friends fell iictiras to the disease 

Bv the beginning of jMai the lact mnjorih of pilgrims had reached their 
homes and the liiston of the epidemic dining this month comprised a trail of 
small outbreaks which for tlie most pait lasted only 3 or 4 days During 
June the nuinbei of infected localities, as well ns the number of seizures in 
each, steadily inci eased, and m July, August and September a widespread 
epidemic, piesenting siniilai fcatiues to tliose e\lubited in thejeai 1924, occurred 
In a few' towms and villages explosne outbreaks took place Thus, m 
Okaia towm, 118 seizuies and 37 deaths occurred within the space of 48 hours, 
as the result of the infection of a well bv a wandeimg faqir wdiose dead body 
W'as found neai its mouth Of an entirely different nature was the outbreak 
in Kasui town, wdiich wall be dcsciibed in detail later It will suffice to state 
heie that Kasur experienced a piolonged epidemic which was responsible for 
6,324 seizuies and 330 deaths Otliei towns m which epidemics of the same 
type occuried w'eie Lahoie, Amiitsai, Moga and Pattoki 

The total cholera deaths duiing the -seai weie 11,286 (0 55 per miUe) 
The numbei of infected towms wms 76 and the mean numbei of deaths in each 
was 18 8, whilst m the 1,183 infected villages the mean numbei of deaths w'as 
7 6 The uiban and rural deatli-iate wms 0 67 per mille and 0 54 pet mille 
respectively, the relativel}' high death-iate in rural aieas being mainly due to 
spiead of infection fiom Kasui towm to a laige number of villages in the 
Lahore and Feiozepore distiicts 

Of the 76 infected towms, in 42 the numbei of deaths wms five or under, 
m 23 towms the deaths vaiied betwmen 6 and 20, in five, between 21-50, m 
thiee betw'een 51-100, and in tliiee towms over 100 deaths occuried 

In its main features the outbieak closely resembled that of the year 
with the exception that in 1927 a Kumbh Mela was held at Hardwar and m 
numbei of choleia-mfected pilgiims was in consequence exceptionally arge 
As in 1924, Haidw'ai wms piactically the sole souice of infection and, as in 
1924, the epidemic involved almost precisely the same area The seasona 
periodicity wmfe ulmost identical in the two years and so hkewuse was 
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chaiactei of the individual outbieaks-a few explosive in charactei and cir- 
cumscribed in area and a laige numbei prolonged in duration and widely 
diffused in distribution 

1928 

The widespiead epidemic which followed the Hardwar fair in 1927 came 
to an abiupt conclusion in October and as usual, the province remained, so 
far as is knoun, completely fiee fiom infection until the month of March 1928 
But at the end of Maich something unusual occuried On March 31st cholera 
broke out (36 seizuies and 26 deaths) at Joginder Nagar m Mandi State-a 
Himalayan State uhich, so far as is known, had not previously been infected 
for many j'eais This outbieak uas shortly followed by anothei (28 seizures 
and 18 deaths) at Baij Nath in Kangra district, but a more serious develop- 
ment was the appeal ance eaily in the month of May of cholera in the Kulu 
Subdivision of the Kangia district, nhich has only once (1892) been infected 
during the past 60 i ears The first case occurred in Kulu (Sultanpur) on 
May 4th and fiom this date until May 17th an average of 2 seizures a day 
occurred, and this state of affairs continued without material change until 
May 23rd, when clioleia suddenly and almost simultaneously appeared in 
epidemic form in the toun of Kulu (Sultanpur) and in many, including even 
the most inaccessible, villages in the Kulu tahsil The epidemic reached 
its maximum during the thud week in June and theieafter it subsided after 
causing 1,746 seizures and 1,164 deaths The early history of this outbreak 
IS mapped in obscurity, but it would appear that cholera was introduced into 
Mandi State b}'^ pilgrims letuining fiom the Hardwar fair in the prenous year 
and that sporadic cases continued to occur in a few villages m this State 
throughout the winter It vould thus seem that the happenings m Kashmir m 
the winter of 1924-1926 were repeated preciselj'^ m another Himalayan State 
in the winter of 1927-1928 and that, in both cases, Hardw^ar was the forts et 
ongo mall It is certain that, without recent importation, cholera appeared 
in the spring in Mandi State and, although no cases of cholera are known to 
have been imported into Kulu, it is known that the alaim occasioned by the 
outbreak of cholera at Joginder Nagar led to the flight of many of the 
residents of Joginder Nagar in the Kulu Subdivision 

The character of the outbieaks in the Kulu valley varied At the com- 
mencement and foi a period of nearly 3 weeks a few sporadic cases alone 
occuried, but latei the epidemic w'as fiequently explosive in type, whilst 
towards the end the outbieaks w'eie smallei and more proti acted in duration 
Entirely distinct from this noithern epidemic, which was strictly confined to 
Kangra district (in which 1,447 or nearly 71 per cent of the total mortality 
of the year took place) a small number of outbreaks (18 deaths) occurred in 
April and May as the lesult of importation from Hardwar and other places 
which were followed in June and July by a number of minor epidemics, without 
explosive charactei s, in several of the central and south-eastern districts of 
the Punjab The highest mortality, as in 1925, occurred in June, but the 
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disease chsappeaied cailv in Octobci Contrary to precedent, a fresh wave of 
inipoitation occuiicd in No^ombcl consequent upon the collection of some 
700,000 pilgnnis at Tlinncsai foi tlic Sun Ecbp'^o Fan A detailed account of 
this outbicak vill be gncn latci and it will thciefoic ‘'Ufficc to state that it 
ga-ve ii'^c to 11 <5cizuic'= bcfoic the fan (nnpoitation), 38 seizin es during the 
fan (local), and 84 seizin c'j in the Punjab and 119 ‘^cizuics in the United 
Piovnicc^;, aftci Die fan 

The total inoitahtN dunng the \cai was 2,034 (0 10 pci imlle), and the 
in ban dcath-iatc was 0 07 pn millc and the unal death-rate 0 10 po mille 
The mean ninnbei of deaths fioin cholcia in the 40 infected towns ^^as 3 9, 
wdnlst in 215 infected lillnges the mean nunibei of deaths was 8 7 Contraiy to 
custom the unal exceeded the in linn dcatli-iatc, winch is due to the fact that 
the aiea mainh nnohed (Kulu) is almost dc\oid of towns No town wms 
seiioush infected and m the 40 infected towns the number of deaths was five 
01 less in 30, whilst in the icmammg 10 towns the number of deaths was 20 
01 less 

This epidemic thciefoic picsented mnn\ unusual features In the first 
place the main soiiice of infection was a Himalaxan State, secondly, the 
epidemic maml} mvohcd an aiea in the north of the pioiince which had 
nevei been infected smee 1892, winch, like the \cai 1928, was one ^ear aftei 
a Kumbh Fan was hold at Haidwai , tlnidlv, the epidemic i cached its maximum 
in June, instead of August or Scptembei , and fouithh , towns weie laicly infected 
and the luial death-iate, m consequence, exceeded the urban death-iate 

1929 

Aftei the usual quiescent period dining the wunter, leports wmre received 
from a numbei of distiicts, more especially Giijiat, Jhelura, Shahpur and 
Mianwmli, dining Maich, Apnl and May, of the occiinence of isolated cases of 
choleia pieceded or accompanied by wudespiead oiitbieaks of diarrhoea in the 
infected villages This occuiicnce-unusual in lecent yeais but often recorded 
in the past-wms thought to piesage a seveic and widcspiead outbieak during 
the ensuing cholera season In the event it did not do so, but a model ately 
severe epidemic, apparently unassociated with lecent impoitation, occuiied m 
many of the cential and noithein distiicts dining the months of May and June 
In the latter month, as the result of recent impoitation fiom the United 
Piovinces, a numbei of outbieaks occuired in seveial distiicts in the south-east 
and east of the piovince, moie especially Guigaon, Arabala, Kainal, Hoshiarpur, 
Jullundur, Lahoie and Amiitsai, and, as a combined lesult of infection derived 
from these two souices, outbreaks occuiied wudely thioiighout the province 
during the months of July, August and Septembei 

These outbreaks, with the exception of one explosive outbreak in Lyallpur 
"t, which wall be desciibed latei, and an outbieak which caused 123 deaths 
As in j- mainly of the pi oti acted type and the only featuie call- 

1924, the ep- + relatively high incidence of the disease in urban 

periodicity wa^ 
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areas, which was mainly due to the occuirence of outbreaks of several weeks’ 
duration oi months in foui towns whose sanitaiy ariangements are peculiarly 
defective The urban death-rate was 0 35 per niille or more than four times 
the rural death-rate (0 08 pci mtlle) In most cases, however, the outbreaks 
were small m extent and short m duration, and in 44 out of the 66 infected 
towms, the number of deaths w'as five or less, m 11 towms between 6-20 deaths, 
in 7 towms, between 21-50, in two towns betw^een 51-100, and m two towns 
o\er 100 deaths 

The mam statistical data in legard to the incidence of the disease m the 
province during the yeais 1924-1929 are summarized m Table I 


Table I 

Choleta statistics, Punjab, 1924-1929 



Cholera 

death- 

rate 

Towns 

Rural areas 

Year 

Urban 

death-rate 

Number of 
infected 
towns 

Mean num- 
ber of deaths 
in infected 
towns 

Rural death- 
rate 

Number of 
infected 
villages 

Mean num- 
ber of deaths 
in infected 
villages 

1924 

die 

0-44 

56 

164 

0-13 

504 

48 

1925 

015 

0-28 

49 

117 

o-is 

585 

42 

1926 

0r004 

002 

11 

3-9 

0002 

23 

19 

1927 

0-55 

0 67 

76 

18-8 

054 

1,183 

7*6 

1928 

0-10 

OW 

40 

3-9 

010 

215 

8-7 

1929 

0-11 

0-35 

66 

118 

008 

407 

37 

Mean 

0-18 

0-30 

49-7 

111 

016 

486 

51 


From a sciutmy of Table I it will be seen that whilst in no year was the 
piovmce fiee from cholera, in the yeai 1927, following a year m which death- 
rate was exceptionally low, an epidemic of considerable magnitude occurred m 
association with a Kumbh Fan at Haidwar It will also be observed that the 
mean urban death-iate during the period "under review was nearly double the 
lural death-rate, and that in the year 1928 alone (m which the mam epidemic 
area contained no large towms) did the luial death-iate exceed the urban 
death-rate 

It may also be added that the mean number of infected towns (49 7) 
lepresents approximate^ 27 per cent of all towns, whilst the corresponding 
figme m the case of villages is 1 4 pei cent The mean number of deaths in 
infected towns (11 1) is also more than double the mean number of deaths in 
infected villages (5 1), from which it may be inferred that not only are towns 
1 datively more fiequently infected, but the individual outbreaks m towns are 
relatively laige 

MB 


14 
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The ^anlng inlcnsitA of cholcia epuloinus in iiiban areas is shown in 
Table II, fioin a «('uitmv of which it will be ‘^cen that in 61 pci cent of the 
298 infected town^, cholcia occa'^ioncd onh fne death':, whilst in 26 per cent 
the nnmbci of death': w'as between 6-20, in 7 pci cent, between 21-50 deaths, 
in 3 pel cent between ol-lOO and in 3 per lenl o\cr 100 deaths The ceventeen 
urban outbicaks in which the nuinbci of death': exceeded 50 were, with few 
exceptions, piotracted in duiation and out of the 298 outbicaks in towns, only 
eight (2 7 pel cent) exhibited definite cxplo'-ivc characteis, whil':t out of 2,917 
outbreaks in Milage" appioxiinatcK 60 (2 jici cent) exhibited well-marked 
fulminant features 


Tahw 1 1 

The incidence of cholcia mortality in towns 


Year 

5 deaths 
and under 

6-20 dcathc 

21-50 

deaths 


1 

0\er 100 
deaths 

Total num- 
ber of in- 
fected towns 

1924 

30 

i 

1 

4 

1 

3 

56 

1925 

28 

12 

8 

3 

Nil 

49 

1926 

S 

3 

Nil 

Nil 

Nil 

11 

1927 

42 

23 ' 

1 


3 

3 

76 

1928 

30 

10 i 

1 

Nil 

Nil 

Nil 

40 

1929 

j 44 

11 

4 

2 

2 

66 

Total 

j 

182 

77 

22 

9 

s 

1 

1 

1 29S 

1 

PERCEXTAC3E 

G1 

2G 

1 7 

3 

3 

100 


In Table III the epigiaphical featuies in respect of cholera inoitality in the 
Punjab during each of the years 1924-1929 is showm, togethci with the mean 
cholera death-iatc pei 10,000 of population in each district of the piovince 
during the period 1900-1929 In the veais 1924 and 1927 the incidence of the 
disease wms lelativeh high in the districts m the east and south-east of the 
piovince fiom which the inajoiity of the pilgrims to Haidwai hail, and this dis- 
tribution may be legaided as typical of wdiat may be termed, for convenience, a 
' Haidwai epidemic ’ In 1925 choleia mainly affected the three iioithein districts 
of Shahpui, Gnjiat and Jheluin, and this uiiusual distiibution, it has been shown, 
was occasioned b> an explosiyc epidemic m Jhelum district in the north of 
the province, which appeared to be due to infection derived from Kaslnnii 
The small epidemic m 1926 appears to conform in distribution to the Haidwni 
type In 1928 the brunt of the epidemic was experienced by the Kulu Sub- 
division of the Kangia distiict and this cii cumstance, it has been shown, w'as 
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associated with the spread of infection fiom an adjacent Himalayan State 

In 1929, there appeared to be tw'o epidemic areas, the earher being 
apparentl} associated with the recrudescence^ of the disease in certain of the 
cential and northern distiicts, w'hilst the latter, which was due to importation 
from the United Provinces, showed the usual distribution associated with 
infection deiived from the south-east 

Table III 

Cholera mortality by districts in the Punjab, 1924^1929 


Districts 

1924 

1925 

1926 

1927 

1928 

1929 

Total 

Mean death- 
rate from 
cholera per 
10,000 of 

population 
(1909-1929) 

1 

Hissar 


2 


488 

5 

6 

601 

46 

2 

RohtaL 




220 

53 

36 

309 

23 

3 

Gurgaon 

6 

381 


92 

55 

247 

783 

3-0 

4 

Kamal 

5 



195 

13 

86 

299 

2-9 

5 

Ambala 

51 

68 

11 

168 

100 

73 

471 

20 

6 

Simla 




1 



1 

1*0 

7 

Kangra 

30 



10 

1,447 

3 

1,493 

S’S 

8 

Hoshiarpur 

14 

77 


194 

27 

81 

395 

11 

g 

Jullundilr 

28 

58 

1 

225 

21 

70 

403 

14 

10 

Ludhiana 

66 

65 

0 

401 

4 

56 

582 

2-7 

11 

Ferorepore 

224 

3 


3,396 

15 

52 

3,690 

62 

12 

Lahore 

1,397 

53 

7 

4,070 

35 

456 

6,018 

79 

13 

Amntsar 

191 

66 

4 

652 

39 

234 

1,186 

27 

14 

Gurdaspur 

117 

115 

17 

117 

5 

103 

474 

(79 

15 

Sialkot 

399 



17 

10 

162 

651 

17 

16 

Gujramvala 

44 

71 

33 

6 

11 

51 

216 

15 

17 

SheikfauDura 

9 

43 


153 

22 

72 

299 

0-8 

18 

Gujrat 

81 

276 

1 

19 

6 

45 

427 

16 

19 

Shahpur 

35 

875 


1 

10 

2 

923 

13 

20 

Jhelum 

1 

398 


1 

23 

17 

443 

1*4 

21 

Raivalpindi 

50 



20 


33 

197 

272 

22 

Attock 

5 

6 


1 


9 

21 

2-9 

23 

Mianwali 


14 



6 

92 

112 

28 

24 

Montgomery 

201 

8 


602 

107 

29 

847 

14 

25 

Lyallpur 

378 

99 


261 

4 

280 

1,022 

2*2 

25 

Jhang 

22 

185 


3 

1 

2 

213 

10 

27 

Multan 


30 


26 

2 

9 

72 

016 

28 

Muzaffargarh 




43 

12 

3 

62 

(72 

29 

D G Khan 




4 

2 


6 

12 

TOIUy 

3,351 

3,049 

87 

11,286 

2,034 

2,309 

22,116 



In the Map of the Punjab is shown the apparent source of mfection and 
direction of spiead of choleia during the si\ years 1924-1929, together with the 
mean annual cholera death-iate of each district per 10,000 of population during 
the thirty years 1900-1929 The figures are of a composite nature, 
but when the facts recorded in the annual public health reports of the province 
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aie mteiprctecl in the light of the events during the si\ years 1924-1929, it 
would seem that the pi evince may be dnidcd from the point of view of the 
spatial distiibution of cholcia, into three aicas, vi/ , (1) a large epidemic area 
in the south-east and cast of the pioMncc, ‘specially liable to be infected from 
Haidvai, (2) an aica in the noitli, speeially liable to infection from the 
Himalayas, and (3) an area in the ‘'Outh-vest winch is scarcely ever attacked 
by cholera 

In Table IV the monthly incidence of cholcia moitahty during each of 
the years 1924-1929 is shown — 

Tabli: IV 


The seasonal incidence of choleia moitahty, Punjab, 1924-1929 


Year 

January 

February 

March 

Apnl 

May 

June 

July 

August 

September 

October 

November 

December 

1924 


1 

1 

1 


IS 

38 

676 

1,216 

1,275 

118 

1 

4 


1925 

1 





716 

223 

1 

271 

340 

59 

1 


1926 




i 

2 

3 

o 

26 

22 

26 

3 



1927 



2 

48 

352 

1,791 

6,592 

2,019 

422 

60 



1928 



4 

5 

96 

914 

703 

176 

82 

11 

30 

13 

1929 

1 

1 

2 

21 

132 

490 

259 

494 

70S 

1 172 _ 

22 

g 

Total 

1 

1 

1 

9 


1,614 

3,954 

8,479 

4,198 

2,853 

423 

57 

22 

Mean 



15 

84 

269 

659 

1,413 

699*6 

4755 

705 

9*5 

36 


It wall be seen that epidemics of Haidwai oiigin (1924 and 1927), although 
due to importation in April and May, aie slow" in onset and do not attain 
then maximum intensity until July, August oi Septembei On the other hand 
epidemics associated w"ith infection derived from Himalayan States (1925 and 
1928) not only exhibit a noithein distiibution, but commence earliei and attain 
then maximum intensity m May oi June and theieaftei decline In the year 
1929, when theie appeared to be tw"o epidemic areas, the epidemic m the noitli 
reached its maximum in June, wdiilst the epidemic associated with importation 
from the United Provinces reached its maximum m Septembei, theie were 
thus two peaks in this year instead of the more usual single peak in Augus 
or September 

(6) Detailed descivption of typical epidemics 
It has been shown that there aie two sharply defined types of cholera 
epidemics, vm , protracted epidemic, slow in onset, insidious in couise an 
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diffused in distiibution, ahd the e\plosive epidemic, which is short, exceedingly 
sharp in intensity and circunisciibed in distribution 

The usual type, both in towns and ^^llages, is the proti acted epidemic and 
in so far as the period 1924-1929 is concerned, nearly all extensive outbreaks 
m towns were of this type 

A typical explosive epidemic occurred at the Katas Fair m April 1925 
and other examples of fulminant outbreaks of short duration occurred at Okara 
tovTi in 1927 and m a village m Lyallpm district in August 1929, but, as already 
stated, out of the total of 298 outbreaks m towns only eight (2 7 per cent) 
exhibited definite explosive chaiacters, whilst out of 2,917 outbreaks m villages, 
approximately 60 (2 pei cent) exhibited well-marked explosive features 

It IS now proposed to give a detailed account of examples of these two 
types of epidemics and also of a typical epidemic, unassociated with explosive 
characters, at a large lehgious fair 

(1) The explosive type of epidemic 

On August 22nd, 1929, a man, who was seized with cholera whilst ti avelling 
fiom an infected village to his home in Lyallpur district, entered an unmfected 
ullage (Chak No 282 G B ) (population 1,160) in search of medical aid 
He died on August 24th and aftei his death his clothes were washed at the 
well which forms the mam water-supply of the village On August 25th a 
sudden and violent outbreak of cholera occurred amongst the inhabitants of 
the village with the lesult that 180 seizuies and 16 deaths occurred before 
midnight on the 25th It so happened that a marriage-party halted at the 
village on the 24th and the}'- also drank water fiom the well On August 25th 
and 26th 21 seizures and 9 deaths occurred amongst this party m five other 
villages, whilst the daily number of seizures and deaths amongst the inhabitants 


of the village was as follows — 


Seizures 

Deaths 

August 25th 


180 

16 

„ 26th 


3 

29 

„ 27th 


10 

8 

„ 28th 


0 

7 

„ 29th 


4 

9 

„ 30th 


2 

6 

„ 31st 


0 

3 

September 1st 


1 

6 

„ 2nd 


0 

6 


Total 

200 

90 
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(2) The piotrncterl tjpc of epidemic 

The epidemic vs Inch occuiicd in Kasur town (population 31,018) in the 
summer of tlic vcai 1927. constitutes a topical example of a prolonged and 
seveie outbicak m a town 


Kasui, whicli IS tlic licadquaitcis of the Kasur Subdivision of the Lahoie 
district, IS a thriving comineicial town jiosscsscd of good communications 
road and lail The town presents the features common to all old Punjab 
towns-a ccntial congested nucleus of many-«toricd brick buildings and a 
number of detached hamlets (the iclic'^ of foitificd post';) wdiich now constitute 
a suburban aiea of one-stoned brick hou'^es and mud huts Fiom the public 
health point of view' Kasui ha<? long caincd the unenv'iable reputation of being 
one of the most insanitary town'; in the province It has no municipal water- 
supply, no drainage system worthv of the name and it*’ conserv'ancy arrange- 
ments are exceedinglv piimitive It has ‘^uflercd more frequentlj and more 
sevmrelj' from choleia than almo'jt any other town in the Punjab During the 
last SIX years an epidemic which occasioned 145 deaths occurred in the year 
1924, the outbreak in 1927, which is about to be dcsciibod, was responsible for 
330 deaths, and a smallci outbreak (46 deaths) occuired m the vear 1929 

It IS necessaiy to desciibe the consclvanc^ anangements m some detail 
as they appeared to exeicisc an important bear mg upon the cholera epidemic 
in the year 1927 Scatteied thioughout the town aio 18 ofTicial and innumer- 
able unofficial filth depots, which consist of open enclosures m which the 
municipal scavengers dump the night-soil collected from the adjacent houses, 
streets and lanes From these depots the night-soil is removed in open country 
carts by contractors wdio pay the Municipal Committee for the privilege 


The contractors recoup themselves by selling the night-soil to the cultiva- 
tors who use it for manuring then fields Tw'o circumstances combine to 
render the w'oiking of this extremely defective system of conservancy peculiarly 
inefficient In the fiist place wdien the cultivxatois do not requiie manure, theie 
is no longer any incentive to the contractor to remove it from the town, in 
which, in consequence, it accumulates Secondly, disputes often arise betw^een 
the contractor and the Municipal Committee and when this happens the con- 
tractor ceases wmrk until the dispute is settled An incident of this nature 
occurred in April 1927 and no night-soil wms, in consequence, lemov'^ed from six 
filth depots from April 1st to June 20th, 1927 It thus came about that some 
of these dumps, at the time of the cholera epidemic, contained several hundred 


tons of human ordure 

It may be added that during the epidemic it was observed that cholera 
stools were frequently throwm upon these dumps The water-supply of the 
town IS derived fiom wmlls-786 in number -which aie evenly distiibuted a 
over the town The origin of the outbreak of cholera could not be traced, bu , 
following the return of pilgrims from Hardwar in Apiil, a number of cases o 
cholera occuired in neighbouring villages The first suspected case of cholera 
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m Kasur to\Mi occurred on May 8th, and on May 13th two seizures were 
leported from another part of the town The fourth case occurred in another 
localitj on May 14th Theic weie 2 seiziues on the 15th and two op the 


fiO 


Chabt 3 


Chart ‘^hotting dailj cholera cases and deaths at Kasur during cholera epidemic, 1927 

I I 


I 
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18th These eight cases-all legaulcd as ‘suspected’ and not reported- 
occinred m five sepaiatc paits of the to\\n in a manner suggesting the presence 
of se^elal distinct foci of infection 


From May 18th-21st thcic neic no fuithei seizures, but on the 22nd 
theie ■v^ele 2 seizin es, then, aftei an interval of four days, one seizure was 
lepoited On Ma'v 28th theie weic fnc seizin cs and three on the next day 
Up to this time 19 seizin es occuried dining a period of 22 days On May 
30th, 12 seizin es took place and on this day the epidemic may be considered 
to have commenced The daily numbei of seizures and deaths throughout the 
epidemic is depicted m Chait 3 fioni a sciutiny of which it will be seen that 
during the fiist 10 days of June the daily number of cases ranged from 7-14 
The Id festival commenced on tlie 11th June and the festivities in connection 
therewith lasted until June 14th, on which date the number of seizures rose 
to 51 Theieaftei the daily number of cases declined slowlj but steadily, and 
in the middle of July the epidemic came to an end 


The outbieak wdiich was responsible foi 634 seizures and 330 deaths thus 
lasted foi a period of 11 w'ceks-Ma^ 8th to July 26th-wdiilst definite 
epidemic conditions prei ailed for 34 days (Alay 30th to July 2nd) In this 
epidemic all parts of the town wcie not equally infected, the disease being 
most intense in the area inhabited by the poorer section of the population 
wdiere the five dumps from which the filth had not been lemoved for several 
wmeks are located In this area the occur lence of more than one case at a time 
in any one house wms unusual, and, although few’- households escaped, in many 
streets the scatteied distiibution of the cases suggested a chance distribution and 
a widelj’- disseminated source of infection Tlie hai m WTOUght by this epidemic 
was, howmvei, not confined to the towm of Kasur, since infection was carried 
from Kasui to several towms and to 48 villages m Lahore and Ferozepore 
districts w-here 781 seizuies and 509 deaths took place These villages in their 
turn infected others and it thus comes about that Kasui wms, directly and 
indirectly, mainly responsible for the fact that 7,466, out of a total of 11,286 
deaths from cholera in the province during the year 1927, occurred in the 
Lahore and Ferozepore districts 


The chief features of the outbieak w'cic, in the first place, the failure to 
discover the source of infection and the mode of spread of the disease, and, 
secondly, the failure of all efforts to control the outbieak or to check its 
progress In one instance in wdiich 8 seizures occuried in a single house it was 
suspected that a wmter-carriei had infected the wmtei -supply of the house- 
hold In SIX instances in which 3 or more cases occurred at short intervals m 
a single family direct spread from the sick to the healthy was suspected 
Attempts to connect the cases with milk, fruit (melons), vegetables, ice and 
aerated waters all failed The scattered nature of the cases, as well as 
the fact that from the commencement of the epidemic the wells m the 
vicinity were systematically disinfected, appeared to render it improbable that 
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water was largely concerned in the spread of the disease Dust-storm preceded 
a small rise in the daily number of cases on tw'o occasions and it was thought 
that food-stuff s may have been infected in this mannei The sharp rise in 
the numbei of seiziues on June 14th gave use to the suggestion that the feast- 
ing associated with the Id festival was indicative of the spread of infection 
by food and dunk Finalty, it was siiimised, on the basis of the obseivation 
that the incidence of the disease w as peculiarly high in the vicinity of the fiy- 
infested filth dumps, that flies were responsible foi spreading the disease and 
Dr A B Aioia, DPH, Assistant Diiector of Public Health, Lahore Circle, 
who conducted the inqiiiiv, opined ‘that the vicious circle established for the 
continued infection of flies w'as responsible for the disastrous proportions of 
the epidemic ’ 


(3) Cholera epidemics at fairs 

The outbreak at Katas Fair m 1925 was fortunately the only example of 
an explosive epidemic at any religious fan m the Punjab dming the period 
undei review" As an illustration of the more usual character of cholera out- 
breaks at religious fairs, which by reason of their great importance and of the 
fact that they cannot strictly be regarded as either a piotracted outbieak oi 
as an explosive epidemic, it is proposed to give a brief summaiy of the outbreak 
of cholera at Thanesai in Novembei 1928 on the occasion of the Sun Eclipse 
Fair This fair which w'as attended by some 700,000 pilgrims commenced on 
November 7th, 1928 and ended on the 15th, on w"hich date, during the eclipse 
of the sun, the pilgrim'! indulged in a ceremonial ablution in the waters of the 
sacred tanks 

At the time of the fan the Punjab W"as completely free from cholera, but 
the disease still prevailed in parts of India from which pilgrims w'ere 
eiqiected to come The disease w’as therefore most likely to be introduced by 
these pilgrims, but, whilst then number is not accurately known, the number 
of arrival by rail was 245,439 All the pilgrims, including the arrivals by 
road, were medically inspected before being peimitted to enter the 
fair area at railway and load inspection posts established at numeious points 
on the perimeter of the fan Pilgrims fiom outside the Punjab w"ere m fact 
solely responsible for the infection of Thanesar On November 7th two pil- 
grims hailing fiom Burma, who had stopyed at Gaya-a choleia mfected area- 
were found on arrival to be suffering from cholera and w"ere removed from the 
railway station to the Infectious Diseases Hospital The othei imported cases 
comprised two pilgrims hailing fiom Almora, w'lio came to Thanesar via 
Hardwar and reached Thanesar on the 8th, one each from Benares and Sitapur 
in the United Provinces, and two from Hoshangabad in the Central Pronnces 
on the 9th, and one from Gaya (Bihar and Orissa) on the 10th In these cases 
cholera declared itself either before oi shortly after arrival at Thanesar oi 
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within 24 hoiii‘5 of taking up tlicir abode in the fair The incoming railway 
traffic censed abuiptly on the lltli, up to which time clc^cn ca^c'^ of cholera, 
in all of whom infection w’as piobabh acquiicd out^-ide the Punjab, Mere 
detected On the llth No^clnbe^ 14 pci‘?ons developed cholera in the fair 
mcn-two in Block 4, si\ in Block 9 foiii in Block 3, and one each m Block'; 
2 and 7-and o'? sc\en of thc'^c case'- a\cic Punjabi hailing fiom neighbounng 
uninfected localities, it is assumed that they acquned the disease locallj On 
the 12th thcie wcic 8 seizAiics, 5 on the 13th, 9 on the 14th, and 2 on the 15th- 
making in all 38 seizuics between the llth-loth ]^so\embci 

B\ the 15th ISfoAembci Thanesnr was dcseitcd, but dining the leturn 
louinc) 64 pilgiims dcAclopcd eholcia on the wa\ to then homes in the Punjab- 
ancl in this manner 36 localities (in which 20 indigenous cases occuued) 
wcie infected In addition 119 cases occurred among&t pilgums in the 
Sahaianpui. Muttia, Almora and Naim Tal districts of the United Provinces 

This lepoit IS not conccincd with the medical and public health aiiange- 
ments, which weio made and (anicd out iindei the pci-'Onal supervision of the 
senioi authoi (C A G), to ]iic\cnt the outbicak of cholcia at this fan-a 
detailed account of which is gnen clscwheic (Gill, 19291 noi is it pioposed to 
consider heie the piactical lessons taught Iia this epidemic, but it is necessarv 
to draiv attention to the sti iking contiast between the 49 widch scatteied cases 
that occuued at Thanesai amongst scvcial lakhs of people dining a period of 
7 days wuth the explosive outbieak at Katas Fan in 1925, wdien several 
hundred cases occuued within the space of 24 houis 

III Discussion 

It IS not expedient to jiiit foiwaid, on the basis of this epidemiological 
investigation, anything moie definite than provisional conclusions and the main 
object of this inquiiA’ Avas to exploie the field Avitli a aucav to ascertaining 
the kind and natuie of the pioblems that call foi investigation by the more 
exact method of expeiimental leseaich 

With the proviso theiefoic that all conclusions reached are at present 
tentative, it is pioposed to consider the implications Avhicli the observations 
recorded in the previous pages appeal to justify 

'Endemxc home — It is clear that there is still substantial ground for the 
belief that cholera is not peimanently endemic in any pait of the Punjab The 
view that importation from the United Piovinces, and more especiallj^ from 
Hardwar, is directly and indirectly the predominant factor in causing outbreaks 
of cholera in this province is also confirmed These epidemics, wdiich for con- 
venience have been called Haidwai epidemics, possess in fact, distinctwe 
characters both in respect of the persons piimaiily involved (Hindus) and in 
the area (the districts m the plains of the Ambala, Lahore and Jullundur 
Divisions) in which they mainly occur 
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But it IS also clear that the Punjab is ‘sometimes infected from the north 
and that outbreaks of cholera due to importation from the montane tract of 
the Hinralajas are apt to occui nioie especially nr the sub-montane districts of 
Ranalpmdi Division and in the sub-montane tracts of the Jullundur Division 
Cholera, however, would not appear to be peimanenth endemic in anj part of 
the Himalajan region, but the arailablc facts appear to suggest that 
cholera sometimes pei-ists throughout the rvintei m the Himalajas and the 
northern districts of the Punjab and then bieaks out m epidemic form in the 
following spring There would thus appeal to be a temporary form of endemi- 
citj, which although lasting for one wuntci only, is capable of causing a wide- 
«piead epidemic inamh m the noithcin half of the Punjab m the following 
summer 

Resen'oa of injection — ^Thc arailable facts lend support to the conclusion 
leached by Saianjam Khan (1929) that person® suffering fiom or who recently 
recovered from cholera arc alone concerned in the spicad of the disease It is 
not suggested that ‘chronic earners’ do not occui but it is held that the 
epidcnnological obscnation® made m the Punjab dm mg the pa®t si\ "jeais 
are consistent with the view that ‘acute earners,’ le, persons in the incuba- 
tion stage, convalescents and recent contacts, are alone concerned in the 
spread of the disease In this connection it raa> be remarked that the ‘ cairiei ’ 
who w'as responsible foi the epidemic of cholera m Pun jail w'hich was investi- 
gated bj E D W Gieig (1913) had onlv lecenth-about 2 wrecks pieviously- 
lecoverecl from an attack of cholera 

Seasonal penodiaty —The clear recognition of a northern source of infec- 
tion and a northern tjTie of epidemic appears to clear up a puzzling point in 
connection with the seasonal periodicity of the disease The seasonal character 
oi most epidemics, in any gr^en area, is usually constant, but in the case of 
cholera, it has been showm that epidemics may occm at any period of the year 
between April and Novembci S M Jacob (1923) has also showm, as the 
result of a statistical analjsis of the cholera mortality m the Punjab, that 
during the 30 years from 1867-1896, the disease exhibited twm maxima, the 
first in the months of May and June and the second in September, so that the 
chart exhibits a double hump, w'hilst in the 30 years from 1897-1921, the 
mortality reached its maximum in September, with the result that the chart 
exhibits a single peak 

It has, howmver, been shown that epidemics due to importation from the 
north are mainly restricted to the months of April, ]\Iay and June, whilst 
epidemics dependent upon infection derived from Hardwar usually attain their 
acme in August or September It seems probable therefore that the double 
hump in the chart for the period 1867-1896 merely indicates that during this 
period noithein epidemics were more frequent or more severe than they were 
during the second peiiod of thirty years A scrutiny of the annual public 
health reports lends support to tins view, and it would appear that the double 
hump m the period 1867-1896 is largely due to the high death-rate occasioned 



1278 Epulewioloqy of Clioloia muJ Ji<i T'lmiwnsswn 


by the gieat epidemic in the ycni 1802 which was paitly northein m distribution 
and in which 61 1 pci cent of the total dcath‘> from cholera (over 75,000 in 
mimbei) occiiiicd in the month's of May and June 

The tiansnusswn factoi — One of the most striking features brought to 
light in the foiegoing pages is the distmctuc featiiics exhibited by the pro- 
ti acted and the explo'sive t-spe of epidemic, and scaiccly less striking is the 
lemarkable diftcience in ficqucncx between these two txpes of epidemics It 
IS pos'siblc that the wudely diheient chaiaetci of thc'se epidemics is dependent 
upon the ^alMng yiiulcncc of the ‘specific paia'sitc, and that an explosive 
epidemic is due to infection with an oiganism of ‘exalted’ virulence Alter- 
natively, it IS possible that these two lx pc'- of epidemics maj be associated wuth 
diffeient modes of tiansmi's'sion of the choleia xibiio In icgaid to the forraei 
li3pothesis, it IS imposssiblc to cxpic'ss am opinion, lint in icgaid to tlie latter, 
seveial consideiatioii's point to the conclusion that a dillcience in the mode of 
tiansmission of the specific paiasitc may be the factoi of significant importance 
in determining the tx pe of epidemic The epidemiological ex idence appears to 
be conclusixc that cxplo'sue epidemic's aic usuallx dependent upon the recent 
and massive infection of xxatci, but it is difficult, although not impos'sible, to 
explain the pi oti acted epidemic on this basiss 

Evei 'Since the clas'sical lepoit of Snoxx {vide Rosenau, 1927) on the out- 
bieak of choleia associated xxith the Biond Sticct pump, xxatci has been legarded 
as the chief if not the sole souice of infection in choleia epidemics This 
outbreak was indeed a typical example of an cxplosixe outbieak, since the 
vast maioiitv of the seizin cs and no Ic^s than 259 deaths from cholera occurred 
on Septembei 1st and 2nd, 1854, amongst peisons who had diunk water fioni 
this W'ell, but the point it is heie desiied to emphasize is that explosive epidemics, 
wdiich theie is leason to beliexm aie usuallx’’ xx atei -borne, aie distinctly laie in 
the Puniab (about 2 5 pei cent of all outbieaks) and it xxould not theiefoie 
appeal that xvatei plays a piedommant pait in the spieacl of choleia in this 
proxunce 

It IS, of course, not impossible that a proti acted epidemic may be due, 
in part at any rate, to xvatei -boine infection, but it is held that the epidemio- 
logical facts are not readily explicable on the basis of wmter being the common 
source of infection in this type of epidemic Watei may be lesponsible foi 
a piotracted outbieak if it is infected slightly or mteimittently or if, by leason 
of its tempeiatuie oi its composition, it is inimical to the xubiio But in the 
case of towns, such as Kasui, where the dunking wmtei is obtained from some 
786 xvells it is not easy, on the basis of watei -boine infection, to account foi 
the daily occurience of a small number of cases scattered oxmi a wide aiea 
And it IS paiticulaily difficult to do so xvhen, as at Kasur, the wmlls xveie 
systematically disinfected-withoiit any apparent effect in checking the disease- 
fiom the commencement of the epidemic Then again, if wmter wms largelx 
concerned in the spread of cholera it xxmuld be expected that towms proxude 
wnth a piped water-supply wmuld be less liable to cholera than otheis This 
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suimise indeed led to the inclusion m the piovmcial public health repoits of 
India of a table showing the average annual death-iate fiom cholera in towns 
helot G and ajtet the intioduction of w ater-suppty oi diamage schemes or both 

A scrutiny of these data in lespect of Punjab towns show's that this anti- 
cipation has not been fulfilled and that no significant reduction m the cholera 
death-rate has followed the installation of piped w'atei -supplies in these towms, 
in fact, tahing the six laigest towns, a small i eduction in the cholera death- 
rate in the case of three is coiintei balanced bj' an almost equal increase in the 
case of the remainder Epidemiological considerations theiefoie suggest that 
a water-boine vibiio plays an unimportant part in the causation of prott acted 
epidemics It is of course possible that duiing the couise of long-continued 
epidemics the infection of the household supply may occasion an outbreak wntli 
a familial distribution, but this t's pe of outbreak is i elatn ely rare as compared 
with isolated cases in numcious hou'^es dotted apparently at random ovei the 
infected part of the town This kind of distribution also renders it difficult 
to regard direct spread from the sick to the healthy as playing an important 
part m protracted epidemics 

It IS less easy to appraise the part played by articles of food and dunk, 
more especially milk, fruit, and sw'eetmeats, but it is clear that, w'hatever part 
they may play, they are innocuous until they have been contaminated bj' the 
cholera ^'lb^lO, and the problem therefore to be solved is the means or thd 
method by which they become infected It is more especially difficult to believe 
that massive contamination of food or dunk by contact, by dust or by flies 
can be the mam factor in determining a diffused epidemic of prolonged 
duration because massive pollution, in the case of water, occasions an epidemic 
exhibiting entnely different chaiacteristics It would, in fact, appear to be 
necessary to postulate the existence of some agency, whereby, in infected 
localities, articles of food and drink cOuld be slightly but systematically in- 
fected And having regaid to the fact that the cholera vibiio is a delicate 
organism which, so far as it is known, is not capable of surviving for a pro- 
longed period outside the human body it is difficult to believe that a focus of 
infection in lefuse and soil w'ould be capable of existing for a protracted period 
It IS more reasonable to suppose that some moie suitable environment for this 
delicate oiganism during its extra-coiporeal phase must exist, and it may 
therefore w'ell be that, like many other human parasites, it has acquired the 
pow'er of passing this vulnerable stage in its life-histoiy m the tissues of an 
alternative host If this be so, the insect wuth which on account of its numbers 
and its habits, the cholera vibiio is most likely to have acquired a symbiotic 
relationship is the house-fly, and it thus comes about that, on purely epidemio- 
logical grounds, the hypothesis w'as formulated that the house-fly may act as 
a tiue ‘ carrier ' of the cholera vibiio and that this insect is mainly concerned 
in the mechanism of protracted epidemics 

The accuracy or otherwise of this surmise can only be determmed by 
experiment, but before detailing the lesult of the experimental investigation. 
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it ma} be ^^cll to consider inoie fully tlie extent to Minch the lijpothesis is 
capable of accounting foi the cindciniological fact': 

In the fii'-t place it ha= Iiccn ‘-hown tliat, Mhil«t all toMns in the cast and 
';outh-c.ist of the piOMiice aic inoic oi Ic^^ cqualh liable to be infected with 
choleia, the toMn= which aio iicciiliaiK liable to cjndcinic visitations are those 
in ■which the eonecnanc} ai langcinont'' aic cxccptionallv bad It is also clear 
that dcfectnc coii'^enancy i^ (oiiducne to fh-bi ceding and that if, as happened 
at Ka*:!!!, choleia stool*: aic exposed on filth dumps, ample opportunities exist 
foi llic': to become infected \‘-''Ummg the hou«c-fl> to be a earner it is 
theiefoic eas'v to account foi the fact that choleia usually pre\ails most severely 
in those towns and pait*: of town*: in which the con‘:cr\nncy airangements are 
peculiaily bad, and it abo explains win the usual \ictims of cholera are the 
pool and thiiftless, who, on this \ci\ account, aic necessarily congregated in 
the insanitaiy slum*: located on the outskirts of towns Theie are many Kasur 
in the Punjab, but it is not a little rcmaikable that the conditions prevailing 
in an English town (Sunderland) at the time of the first recorded epidemic of 
cholera in England in 1831 should have resembled so closely those prevailing at 
Kasui in the year 1927 

In legard to the epidemic at Sunderland, Creighton (1894), m his classical 
History of Epidemics in Britain, states — 

' The first experience of Asiatic cholera on British soil brought 
out very clearly one charactei of the infection which was seen to 
attend it everywdieie during the following jear and has alw'a>s attended 
it in every subsequent invasion of tlie disease The virus, for all its 
oppoitunities, showed a maikcd picference for, an almost exclusive 
selection of, the low'cst and least cleanly localities, and a considerable 
piefeience foi peisons of di unken oi negligent habits The focus of 
the choleia (at Sundeiland) w\as the towm mooi-upon this open 
space w*as deposited and left to accumulate foi w*eeks together, the 
filth from the naiiow lanes and passages of the low -lying and ciow'ded 
quaitei at the scawaid end of the paiish to the south of the High 
Street Some of the stiects occupied by the pooiei classes consisted 
of old lesidences of the w*ell-to-do now divided into tenements 
Certain stieets had as many as a dozen oi twenty common middens 
“let in” to the stiect fionts of houses and eoveied b):’ tiap-doois m 
which the domestic lefuse and sweepings of the stieet weie collected 
as a source of piofit and sold at stated times to faimeis foi manure 
Most of the attacks happened m this low-lying pait of Sunderlan 
wuth a soil and foundations sodden wuth filth and houses oveiciowde 
and badly ventilated and its lesidents subject to the alteiations o 
excess and wrnnt ’ 

Then again, a fly-boine outbieak would necessaiily be slow and insidious 
in onset, since it is peimi*:sible to a<:sume, on analog}’’ with othei insect-borne 
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parasites, that some time must elapse betiieen the importation of the virus 
and its dissemination by flies It has been shown that, whilst the evolution 
of an explosive epidemic is a mattei of about 24 or 48 houis, a week oi more 
maariablj elapses between the date of the fiist case and the commencement of 
a protracted eindemic The outbreak at Sundeiland also exhibited this feature 
since a pieialence of choleia iiostias, in association with a few cases of true 
Asiatic cholen in August or Septembci 1831, preceded the epidemic which 
started on Octobei 23id and continued until January 9th, 1832 

Again, if the house-fly is capable of acting as a true ‘ carrier,’ it is not 
only possible to account for the special liability of insanitary tomis and parts 
of towns to protracted epidemics of choleia, but it also provides an explanation 
of the distribution in time and place of individual seizures, which, incidentally 
it may be remarked, bears a strong resemblance to the spatial distribution of 
cases of bubonic plague For given an infected fly population, it is not 
difficult to understand that the infection of food-stuffs, by the inoculation of 
the cholera vibno into a cup of milk, or on to a piece of meat, will be 
responsible for infecting, not the household, but only the actual consumer of 
the infected article 

Finally, the house-fly hypothesis provides a reasonable explanation of the 
part played by climatic and meteorological conditions in the natural history 
of cholera 

It has long been recognized that extensive epidemics of cholera only occur 
durmg the hot weathei m those parts of India, such as the Punjab, in which 
there is a well-marked cold weather, and that the disease prevails thioughout 
the year in those provinces exhibiting a tiopical climate all the year round 
This observation is also applicable to other countries, and in England cholera 
epidemics of the protracted type took place mainly in the hottest months of the 
year (August and September) It is true, in raie instances, that outbreaks 
have occuired duiing the depth of wintei iii England, Scotland and Northern 
Ru'^sia Cieighton (1894) thus states that on the afternoon and night of 
Christmas day in 1831 theie was a sudden explosion at Gateshead where at 
nearly fifty points choleia bioke out almost at the same instant It is neces- 
“^ary therefoie to draw a distinction between explosne epidemics and piotracted 
epidemics, and theie is reason to believe that an explosive epidemic may occur 
anywhere and at any time ii respective of the season of the 5 ’’ear, piovided the 
watei -supply becomes heavily infected, but it seems to be tiue that pi oh acted 
outbieaks of appieciable magnitude aie lestiicted to the summei and autumn 
in temperate climates The infeience that may be drawn fiom this fact is 
that lelatively high atmospheric tempeiatuie is a necessary factoi m the 
mechanism of protracted choleia epidemics, and it is possible that this fact 
may indicate that the choleia vibiio is unable to complete its cycle of develop- 
ment in the tissues of the house-fly when the tempeiatme falls below a certain 
figme 
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Then again, the ciTcci of atinosplicnc tcmpciatuic on tlic metabolism of 
the insect caiiici icquiics to be taken into consideration, and it would not 
necessaiilj'’ follow that the langc of tcmpciaturc favourable to the bionomics 
of this insect is identical vith that icqiiircd to enable the cholcia vibrio to 
undcigo a cycle of development in the tissue'; of its insect-host The part 
played by atmosphciic humidity in the epidemiology of cholcia must likewise 
be legal ded fiom the standpoint of it-? clTcct upon the inscct-carriei and upon 
the specific paiasitc dining its icsidcnce in the body of the altci native host 
The pait played b> the climatic factois of tcmpciatuic and humidity in 
the epidemiology of cholera may thcicfoic be closely similai to the role wdiich 
these factois play in the epidemiology of nialaiia and it may well be that w'hen 
the influence of the climatic elements has been investigated in the manner 
employed by the senior author (Gill, 1921 and 1928) in the study of epidemio- 
logy of malaria, it wall become possible to leconcile the puzzling and sometimes 
conflicting conclusions i cached on the basis of statistical analysis 

It seems piobablc, foi example, that an absolute humidity of not less than 
0 400 inch, which Sn Leonard Rogers (1928) has shown to be essential to the 
occmrence of cholera in epidemic form, car lies implications mainly connected 
with temperatuic, since it is only in the presence of relatively high tempeiatuie 
that the aqueous vapoui in the atmosphcic can attain a picssme of 0 400 inch 
It may therefore be that it is atmospheiic tempeiatuie, rather than absolute 
humidity, that explains the seasonal incidence of the disease m the Punjab 
and IS responsible for the spontaneous disappear ance of cholera with the onset 
of the cold wmathei 

Then again, conflicting views m legaid to the lelationship of rainfall to 
cholera, wdiich the exhaustive statistical studies of A J H Russell (1925-26) 
have served to emphasize, can iiow^ in laige ineasuics be reconciled, since, if 
the essential factoi is the presence of certain associated conditions of tempeia- 
tuie and humidity, it is no longer difficult to explain wdiy cholera epidemics 
aie apt to occui in some places before, in otheis dining and in yet others aftei 
the monsoon To conclude, it is held, as indeed wms clearly and forcibly 
suggested by W C Ross (1928), (wdio, howmvei, only legaided the house-fly 
as an accidental pollutei of food and dunk), that, not only does the house-flj' 
hypothesis provide a leasonable explanation of the pecuhai relationships o 
cholera epidemics wuth the climatic factois of tempeiatuie and humidity, but 
it also provides a means wdieieby many obscine features in the epidemiology 
of the disease become capable of corapiehension 

Nevertheless, the hypothesis must lemain an unsubstantiated siumise unti 
it has been pioved, by means of experiments, that the house-fly is capable o 
playing the pait attiibuted to it in the natinal history of choleia 

IV The laboratory investigations 
The object of this pait of the inquiiy was to determine the fate of 
cholera vibiio in the tissues of the house-fly It was desired in paiticu ar o 
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know whether anv eMclence could be deduced pombng to the conclusion that 
the cholera Mbno undenient a cvcle of development in the house-fly and, if 
so, in what manner and m vhat pait of its anatomj’’ did this cycle of develop- 
ment take place In the e\ent of anv eMdence in faiour of this hj-pothesis 
being forthcoming, it vas further proposed to determine in what manner the 
cholera ^^brlo lea^es the bod^ of the insect and what conditions of tempera- 
ture and humiditv are neces=:ar^ to the dissemination of infection by the 
house-fly 

It IS unfortunateh not possible at present to pronde an answer to all 
these questions and attention has mainh been confined to determining whether 
the house-flj is capable of acting as an alternatn e host of the cholera nbrio 

Before detailing the results of the experiments designed to tlirov light 
upon this que'flion it ma^ be veil to refer briefly to the present position m 
respect to the part pla^ ed b^ non-biting insects in genei al and flies m particular 
in the spread of disease and more especially cholera It would seem that 
non-biting insects ha^e not liitherto been regarded as plaMng anythmg more 
than a mechanical or pas'uc role in disseminating bacterial diseases G S 
Graham-Smith (1914), who has exhaustneh studied this subject, thus states, 
in reference to non-bitmg insects, that ‘ so far as we knov none of the disease- 
producmg organisms the\ aie capable of distributing, undergo de\ elopmental 
changes within them ’ So far as the house-fl^ is concerned, all the observa- 
tions hitherto made appear to ha^ e led to the conclusion that the fly acts onlv 
raechanicalh, like a platinum loop, in transferring the cholera \ubrio from 
foimtes to the food and drink of man The im estigations of Graham-Smifli 
and others, which vere mamlj' conducted with orgamsms of the enteric group, 
clearly demonstrated that flies may carry in their internal organs many 
pathogenic and non-pathogemc organisms for larvmg periods ranging from 
6 to 31 days, but he found that the cholera vibrio differed from others since 
it did not sumve for more than two days in laboratory-infected flies 

Accordmg to Graham-Smith, Maddox (1885) vas the first to carry out 
experiments on the relation of flies to cholera Maddox states that he found 
cholera Aubrios m the faeces of infected flies but his techmque was not entirely 
satisfactory' Graham-Smith also states Sawtchenko fed flies on broth cultures 
and found vibrios in their faeces two hours later He also found xubrios in 
the mtestines and he gamed the impression that they' multiphed in their 
bodies The same author states that Simmonds, after placing flies on the 
intestinal mucous membrane of persons who had died of cholera, and then 
transferring them to large flasks, made roll cultures of these flies, at mtervals 
from file to ninety minutes, and obtained positive results Uffelmann also is 
‘'tated by the same author to ha^ e allowed two flies to feed on a hqmd gelatin 
culture of 7 dialer ce, and to hate made cultures from them one hour and 
tvo hours later, which yuelded 10,000 and 25 colonies respectively He also 
demonstrated that flies infected in this manner could contaminate milk 
Graham-Smith also cites Tsuzuki as hat'ing shown that infected flies could 
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contaminate media ovei mIiicIi tlicv Avalked, and Cliantcmcssc and Ganon as 
having i‘5olated vibno‘; fiom flie'^ 17 and 24 horns icspectively after infection 
Giaham-Smith, cxpciimentmg vitli old laboiatorv cultures, found that the 
vibiios quickly died on the legs and vings, and that c\cn in the ciop and 
intestine then numbei'^ lapidh dimini‘:hed, ‘^o that culliucs made inoie than 
48 houis aftci infection Molded iicgatue ic'^ult®, whilst the frcccs wcic infective 
foi 30 hoiiis L Rogei'! fl921) quotes Baibei as stating that flics, cockroaches 
and icd ants haiboui the oiganism foi fiom 21 to 48 hours and occasionally up 
to 72 houis 

Fiom these lepoits it w'oiild appear that the F choice w, unlike other 
pathogenic oiganisms such as B typhosm and members of the salmonella group, 
disappear fiom the bod} of the flv within .about 48 hours 

The abo\c c\pci imcntal data thus point to the conclusion that iindei 
laboiatoiy conditions flics aie capable of haibouiing the choleia vibrio for a 
lelativcl} shoit tunc and that dining this pciiod thev aic capable of dissemi- 
nating the vibiio in a mechanical manner 

Examples of the rccovciv of V cIwIckt fiom Hies caught in natuic m the 
immediate neighbouihood of cholcia-mfcctcd houses aie fanly numerous 
Giaham-Smith thus cites Simmonds (1892) as stating that he isolated vibrios 
fiom a fly caught in a post-moitcm lOom wheic autopsies on cholera w'ere 
being made and that Tsuzuki succeeded in isolating the yibrios from flies 
captuied in an infected house in Tientsin The obseiyations of E D W Greig 
(1912) on this point aic of special mteicst Grcig states^that duiing the 
Jaggannath Fan at Pun in 1912 wdicn choleia wms laging’m the town he 
‘ examined a nunibei of flics taken ncai collections of cholera cascscand found 
that they wmie haibouiing the choleia vibrio on then cxtcinal appendages and 
also in then alimentaiy tiact’ W C Eoss (1928), m rcfeience appaiently to 
this obseivation, states that Gieig found that 75 pei cent of the flies caught m 
the centie of the city, in the neighbouihood of the temple, wmie heavily infected 
with cholera, both exdeinally and mteinallv, wdiilst those caught a mile oi moie 
away fiom the temple w^eic infected only to a small extent, and flies caught 
at a gieatei distance weie not infected Moie recently Dunn and Saianjani 
Khan (1929) examined 152 batches of 10 flies each caught at Haidwmi dm mg 
a choleia epidemic, and isolated non-agglutmating vibiios fiom 35 per cent 
of batches obtained fiom 76 diffeient localities They isolated vibiios fiom 
peptone cultuies in about the same numbei of instances m wdncli the flies w^ere 
washed and ciuslied, lespectively, fiom wdiicli they infeiied that piobably the 
Aubiios weie on the suiface of the body of the flies and not in the interna 
oigans These obseivations establish nothing moie than that flies m nature 
aie capable of haibouiing cholei a-hke yibiios and that tbay aie capable, m 
consequence, of acting as passive agents in spreading the disease.! 

Foi a consideiable time the observations made duiing'tlle coiuse of this 
investigation wmie in agreement wuth the findings of plevious' wmrkers anc a 
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attempts to lecover vibuos from flies moie than 24 houis after feeding them 
on a cholera emulsion failed 

In men of the unifoimlv negative results of feeding expeiiments beyond 
48 hours, it vas proposed to stop the c\peiiments, but it was eventually 
decided, Ini mg regaid to the stiong epidemiological evidence inciiminatmg the 
house-fly and to the work of Almquist, Enderlem, Mellon, and Hadley on the 
hfe-cjcle of bacteiia, to cairy out experiments ovei longei periods and it is 
with the result of these expeninents that this report is solely concerned 

Eocpenmental details 

A piehinimrj examination of flies caught m latiines and inaikets made 
it evident that they belonged to a numbei of diffeient species and fiom the 
analogs of early noik on malaria it was lecognized that if a host-parasite 
relationship was to be imcstigated the species of the fly employed in the 
exjieiiinents might be a matter of consideiable impoitance The species of fly 
used in these expeiiments could not be confidently identified and it was there- 
fore decided to work mostly wutli insects bred out from specimens caught at 
latrines (latrine flies) For bleeding purposes the flies w'ere caught in butterfly 
nets and particulars of each catch w'ere noted Insects bearing laige numbei 
of eggs were selected for bleeding purpose The flies layed their eggs on 
horse-dung in small cages, one fly being placed in each cage The horse-dung 
was collected immediately it was dropped so that no flies w'eie able to lay 
eggs on it befoie it w'as collected Sterilized dung wms found to be less suitable 
for egg Ia>ing than the fresh dung After the eggs had been deposited and 
young larvffi had hatched out they w'ere tiansfened to wide-mouth bottles wuth 
tight cotton-wool plugs so that there was no risk of the larysE wandering out 
of the cage When the pupal stage was i cached the plug w'as removed and 
the bottle w'as placed m a tall cage in which the adults wme able to lun about 
and to fly They were fed on sterilized meat and plain watei Two or moii 
flies from each batch were killed and preserved foi identification When the 
insects were one day old they were taken out, One by one, in oidinaiy test- 
tubes for feeding on an emulsion of F choleice 

The cholera culture used m the expeiiments was originally leceived from 
Cential Research Institute, Kasauli It wms plated out on agai and a single 
typically smooth colony wms picked up in Dunham’s solution (pH of 7 8 or 8) 
The organism used thioughout these experiments exhibited typical^ vibnonic 
morpliologjq was actively motile and agglutinated fully against a high titre 
cholera serum (also received from Cential Research Institute, Kasauli) It 
was daily sub-cultmed on agar slope A 24 hours’ growdh wns emulsified in 
sterilized tap water and mixed wuth an equal amount of sterilized milk In 
feeding, carbohydrates were avoided, except natural lactose in milk, so as to 
minimize acid production in the gut of the fly The milk and cholera emulsion 
werewdll shaken in order to distribute the organisms thoroughly For feeding 
purposes the mouth of the test-tube containing the fly was closed wuth a thin 
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piece of cork thioiigh which a ‘^mall hole had been drilled Through this hole 
a piece of thin capillniy tube ^ inch to 1 inch long was inserted ==0 that its innei 
end slightly piojcctcd into the tube The oulei end w'as now dipped in the 
cholera-inilk emulsion, which bv capillan action, rose to the top of the capillarj 
tube The test-tube was then inveitcd, ‘•o that the emulsion remained flush 
wuth the innci end of the capillan tube It u'^ualU happened that the fly at 
once inserted its piobo'^ci'; into the capillaiy tube and fed readily, but some- 
times it lequned to be coaxed by giMng the tube a few jeiks, and thus directing 
the fliy towauK the capillaij tube The giadual emptying of the fusible por- 
tion of the capillary tube was a sine indication that the fly had taken in a 
sufficient amount of the emulsion Thm simple technique also pre^ented un- 
necessai^ fouling of legs and wings and gio'^s contamination of the emulsion 
fiom outside B 3 using a giaduatcd caplllar^ tube it was possible to regulate 
with considciable accuiacy the do'^c of oiganmin*? wdiich it wms desired to 
administei Anothei ad^antage of this pioccdure was that the precise time 
of feeding wms known witli ceitaint'v Aftci feeding, the infected flies were 
transferred to a big cage The ‘jame technique wms aho cmplojmd in determining 
w'hethei the choleia yibiio could be inoculated, thiough the proboscis, into 
sterilized milk by infected flies 


The exavwmUon of /lies 

Foi the lecoyciy of organisms from infected flies, examinations weie 
geneially made at 2 horns, 24 horns, 2 dajs, 3 days, 4 dajs, 5 days, etc, aftei 
feeding them on the choleia-milk emulsion 

The loutine pioceduie adopted wms to examine the following material at 
the times stated aboye wuth a yiew^ to the lecoycry of the cholera vibrio 

1 Piece of sterilized meat on which the infected flies had been sitting foi 

a few minutes (food) 

2 Sterilized milk on which the flj^ was fed thiough the capillary tube 

above described (fed milk) 

3 Flesh faecal deposits on the sides of a steiilized tube transferred to the 

culture medium bj'’ means of a platinum wiie (faeces) 

4 Whole flj’- chloiofoimed and thoioughlj'^ ciushed in the cultuie medium 

(Cr) 

5 Crop and gut The appendages of the flj'' weie removed and the body 

was passed through a flame several times It was then dissecte 
with aseptic precautions, and the crop and gut wmre transferred to 
culture medium (C and G ) 

6 A fly was killed and prepared into a block for sectioning by a dou e- 

embedding process 

For cultures the followung procedure was adopted — , 

1 The matei lal to be examined was placed in a tube of Dun ram s 
solution marked and incubated for 24 hours 
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2 A loopful fiom the surface giowth of was transferred to another 

tube of Dunham’s solution marked Pj and incubated foi 24 hours 

3 Piom Pi and P_ plates of Esch’s medium were streaked and marked 

Ej and E„ lespectively 

4 Aftei 24 to 48 hours’ incubation E^ was examined and all the different 

types of colonies weie maiked out and numbeied Smears were 
made and stained with dilute caibol fuchsm and exammed All 
suspicious colonies weie picked up in Dunham's solution and after 
24 hours’ incubation they were streaked on agai slopes and in- 
cubated Thej’’ were kept m cold storage till requiied for further 
study If El failed to reveal the presence of typical vibrios, Eo 
plates were similaily examined 

5 Pure growths on agai slopes showing even the slightest vibrionic mor- 

pholog 5 >^ weie fuithci studied as to their cultural, biochemical and 
serological reactions 

Consideiable difficulty was expeiienced in keeping laboratory-bred flies 
alive in captivity, and the moitahty became increasingly heavy as winter 
approached 

In the first five experiments the flies were kept at laboratory temperature 
and no attempt was made to contiol accurately the temperature and humidity 
conditions, except that, with the onset of cold season, they were placed at 
night in a nooden box coi'eied with a wet towel and during the day the cages 
were placed m a verandah, paitly in the sun and partly in the shade In the 
sixdh experiment the fed flies weie kept most of the time in an incubator at 
83 °F dry bulb and 74” F wet bulb temperatures 

The results of the experiments are tabulated below and the temperature 
conditions, as lecoided m the laboratory, are noted against each — 

With minor variations all the vibrios, including those isolated 4 days and 
5 days after feeding i esembled the original vibrio in character, viz , produced 
on agar plate, in 24 hours, circular, lenticular translucent colonies of light 
cream colour about 2 to 3 mm in diameter with smooth shining surface and 
homogeneous structme The colonies, which exhibited entire or slightly 
crenated edges, were moderately raised, undifferentiated or with a small knob 
m the centre, and were easily emulsifiable In peptone they gave a moderate 
uniform turbidity and usually a slight powdery deposit which could be easily 
dispersed by shaking No surface pellicle was observed except in the case of 
the 1 ibrio isolated from food infected by flies four days after feeding on cholera- 
milk emulsion m which there was a complete thick surface pellicle It may 
be added that on agar slope this organism exhibited a more transparent and 
''hming growth than the original organism 

The cultural reactions of the vibrios m this experiment were like the typical 
vibrio except that the stroke on agar slope gave a less raised but more shining 
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and transpaicnt giowtli than otlici'; The colonics were also somewhat smaller 
in size 

Colonies on agai jilatc of the mImio*? i‘'Olntcd from 5 days’ fmces differed 
fioin tho'^c of the t\pical Mbllo^ in that the} veic smaller in size, less raised, 
giiininv in collsl''leno^ and iiioie ^Inning In peptone the usual uniformly turbid 
glo^^th iMthoiit ‘^uifacc pellicle ^\a‘^ obtained but it uas less profuse On agar 
slope the gio\^th ^\as thin and glo‘'S\ 

As a geneial lule in thc'^e expeinncnts, icccntly isolated vibrios from the 
flies 4 01 5 da^'' aftei feeding weic inoijihologically di'^tingui^hable from the 
oiiginal cultuie of (ho'-c i^'Olatcd from the ni‘'Ccts 2 houis or 24 hours after 
feeding, in that thc\ weie thiiinei, moic variable in ‘^izc and '^hape, had more 
open cuivatuic and pi evented a vhip-hkc appearance at the end Two or 
moie Mbiios joined on ciub weie moie ficqucntly met with, suggesting a more 
lapid multiplication 

The flies u«ed in thebe oxiiciimcnts ha\c been sent to an expert entomo- 
logist foi identification Tlic examination of ejections and of some of the organ- 
isms isolated dining tlic toui'-c of this inquiry is still in progiess, and it is 
proposed to deal with tins matciial in subsequent communications 

Summary 

The expel iments locoided aboie aie admittedly meagie, and it is not at 
present claimed that they justify the conclusion that a tiue host-parasite 
lelationship exists between tiic fly and the vibrio It w’ould, however, seem 
in the first place tliat the vibiiob arc capable of surviving in the fly for a 
period of at lea^t five dajs Secondly, it would appear that the cholera vibrio 
apparently disappears from the bod's of the fly after 24 hours or so, but that 
it le-appeais on or about the fifth day, at which time the fly is capable of 
infecting food by its fmees Thirdly, it has been showm that infection of milk 
via the probo'^cis can take place up to 24 houis, but it has not xmt been proved 
that infection via the piobo'^ci-^ can take place on and after the fifth day 

It wmuld be premature at present to discuss the significance of these obser- 
vations, but they seem to suggest that possibly one phase of the life-cycle of 
the cholera vibrio is passed in the body of the house-fly and that this insect 
may play a moie important part m the transmission of cholera than has hitherto 
been suspected 


V Conclusion 

It IS noj; proposed to discuss further the epidemiological and expenmental 
grounds which have led to the tentative conclusion that the house-fly plays an 
important part in the tiansmission of cholera, except to state it is recognize 
that the experimental evidence pointing to the accuiacj’’ of the hypothesis is 
meagre and that fuithei investigation, both in the field and in t e 
laboratory, is necessary before the theory can be regarded as embodying an 
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established fact It would oidmarily be piemature, if not improper, to put 
forward tentative conclusions based upon an admittedly incomplete inquiry, 
but se^eral reasons appeal to justify a depaiture fiom this sound rule in the 
present instance 

In the first place the results of the epidemiological investigation, apart 
altogether fiom any inferences drawn therefiom, appear to be of sufficient 
interest and importance to wan ant then publication, secondly, the investi- 
gation appeals to open up a field of inquiry which calls for exploration from 
the standpoint of the bacteiiologist, the entomologist as well as the experi- 
mental epidemiologist, and, lastly, with the onset of the cold weather the 
experimental part of the investigation has had to be temporal ily suspended 
owing to the difficulty of keeping house-flies alive under laboratorj’^ conditions 
for the period necessary foi experimental purposes 

The most striking result of the investigation is undoubtedly the suggestion 
that choleia may perhaps have to be numbered amongst the insect-borne diseases 
It would indeed seem that just as the plague bacillus is sometimes transmitted 
through the medium of air (pneumonic plague! and sometimes, more especially 
in hot climates, by the agency of rat-fleas (bubonic plague), so the cholera 
yubrio may perhaps be sometimes disseminated thiough the medium of water 
and sometimes, more especially in tropical countiies, by the agency of house- 
flies It would moreover appear that m hot countries insect transmission is 
of predominant importance and that the strikingly dramatic outbreaks asso- 
ciated with the massive pollution of w'atei aie relatively rare incidents, if not 
accidents, in the natural history of the disease It is a far cry to the air-borne 
theory so y'ehemently ady'ocated by Bryden and Cunningham but it would 
seem that this theory may not, after all, hav^e been so wide of the maik, and 
that there is something to be said for eymcuating troops from an infected 
locality by marching them across the preymilmg wind, since this procedure is 
at least calculated to remove them to an area where the fly population is not 
infected 

May it not be that the air-borne theory and the wmter-borne theoiy are 
both half-truths and that cholera is both an air-borne (or fly-borne) and a water- 
borne disease ? May it not be also that the undue stress laid upon water- 
borne transmission is largely responsible for the small progress made in con- 
trolhng the disease ? These speculations are merely mentioned to indicate the 
trend of thought engendered by the present hypothesis, but before concluding 
this preliminary leport it may be well to consider the practical implications 
arising out of the observations lecorded in the foregoing pages 

In the first place it is now tolerably clear why the measure of success 
attending existing methods of combating cholera has been disappointingly 
‘small 

Explosive epidemics w'hich appear, indubitably, to be due to the massive 
pollution of drinking water are, it has been shown, of infrequent occurrence 
Thei can bv their verv nature be neither foreseen nor controlled, and 'they 
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can onh be pic\cntcd In !ninnp:cment<? that mil eliminate the possibility of 
dunking nntei being inoculated mlb the cholcia Mbrio 

It IS al‘:o deal that tlic‘;c inca‘jmc‘', ^\liicli imply in the case of toyn*;, the 
piOM«:ion of a piped -^iipph of filtcicd \\atci, aie not alone capable of exercising 
am dcfimtnc influence upon the piotractcd epidemic^ \\hich is the usual type 
of cjndcmic in in ban aica'' In these epidemics, it n surmised, the mam agent 
in uploading the disease is the housc-n\, but oven if this In pothesis be eventually 
pioved to be untenable, it docs not seem to be open to doubt that bad sanita- 
tion, and moie esjiccialh bad conscivanrv, is a factoi of the greatest impoitance 
in detcimining then otcuiicncc In these cncuinstanccs it 1= no longer a lUxStter 
of suipiise that the piovision of piped watci -supplies and the iigorous disinfec- 
tion of the dunking vvatci, combined with othci routine measures, in the 
absence of measures designed to eliininatc the giavcly insanitan conditions 
which almost uniwcisalh picv’ail in Indian towns, have pioved of little value 
The expel lencc gamed at ’’riianesai lender^ it also clear that even undci the 
most favoiiiable condition-' it is not possible to pi event the entiv of acute 
‘earners’ into uninfected aieas It is fuitheimoic clear that medical inspec- 
tion posts aie of little v'aluc m this ic^jicct and it also follows that the mass 
inoculation of pilgiiins, even if it wcie piacticable, would not constitute an 
effective method of piev'cntmg the spiead of cholcia bv pilgrims, unless, indeed 
it is piov'ed that the acute ‘cairiei ’ is lendcrcd haimlcss as the result of 
inoculation 

What then is the jiiactical lesson to be domed fiom this mycstigatioii 
It has been shown that inoie than half the outbieaks of cholcia aie limited to 
a few seizures and that it is mainly m towns whcic conscivancv ariangenients 
aie peculiaily defectiv'c that mipoitation occasions, aftci an intcivxal, a pio- 
ti acted epidemic In these ciicuni'-tances it would appeal that one of the 
most impoitant, if not the most mipoitant, method of contiollmg cholcia is 
the pi evasion of an efficient system of sanitary contiol, nioie especially in 
connection with the collection, leniovxal and disposal of night-soil and lefiise 
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TWO INTESTINAL l^IASTIGOPHOEA FROI^I AN INDIAN BULL 


BY 

Lteut -Coloxet, R KNOWLES i xr ^ 

Pjofasoi of Pwtozoology, 

AXD 

Assi'^tant SijRcfon B AI DAS GUPTA, 

Am’^tant Piofessoi of P)otozoology 
(From the Calcutta School of Tioptcal Medicine) 

[Recened foi publication, December 10, 1930] 

Through the kindness of Air H Cooper, mrcvs, Indian Veterinary 
SeiMce, of tlie Impeiial Institute of Veteiinai} Research, Muktesar, we leceived 
on the 25th of August, 1930, tno sealed tubes of normal saline containing 
intestinal flagellate protozoa fiom the frcces of a bull [Bos taw us) of the 
Himalaian foot-hills breed 

The histon of this animal na'; a« follows It passed thiough a severe 
attack of rindeipest, which cau'^ed a lelapsc of the coccidiosis from winch it 
had prcMouslv <511116101, and died flora the combined effects of rinderpest and 
rocc'dial dysenteu on the 4th August, 1930 The faices, when examined for 
coccidnl ooc\sts on the l<5t August, showed the presence of flagellate organisms, 
about one pei micio<5cope field The ‘sample was centiifuged and portions of 
the deposit inoculated into tubes containing 10 c c of noimal saline, these 
weie incubated at 22°C On the fourth day large numbeis of flagellate 
oiganisnis weie present, and snb-rnoculations "were made into further tubes of 
normal saline These again showed a faiilj abundant growth of flagellate 
oiganisms on the fourth day A thud set of sub-cultuies again showed 
abundant growth on the fourth day, and twm of these tubes were despatched 
to Calcutta The parasites in the original tubes died out by the seventeenth 
dar 

On receipt of the two tubes in Calcutta, the material wms examined in 
the fresh ctate under dark-ground illumination, and it was found that two 
different intestinal flagellate protozoa were present one a small flagellate with 

( 1299 ) 16 
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h\o flagella and a aci\ conspicuous c> 10 *^ 01110 , the othei a much laigei one, 
Minch gaAc (he a]ipcaiance of Inning an undulating ineinbiane, although this 
Mas a little uneeitnin flNIi 1^ K KiHhna I^el of the Muktesar Institute, 
Mho examined the fiC"!! ''peeiinen of fieces fioin mIiicIi the oiiginal cultures 
Mcic taken states that the pic=cnce of an undulating niembiane and of an 
a\ost3'le Mcie distinctlj seen) 

Flesh sub-cult 111 cs mcic iiom taken 111 Rom’‘? hannoglobin saline mediuin 
(Rom, 1914), and 111 the HSic nicdiuin icconiiiicnded for cultivation of 
Entamcebn htsfoli/ticn In Dobell and LaidhiM (192G), mIiicIi Me have found 
to be an excellent nicdiuni foi tbe cultnation of intestinal Mastigophora 
These Meie incubated at 37°C foi 3 davs, but showed no giowtli On the third 
da}’- vcij' small ]icai-shai)ed bodies wcic seen, winch wcic not motile (cysts of 
the Embadomonas about to be dcsciibed) Tlicse wcic piesent onlv m scanty 
niinibeis 

Fresh sub-cultuies from the original tubes iccened fiom jNIuktesar were 
now’ taken in Row’s mcdiuin and in Dobell and Laidlaw’s medium, and some 
weie incubated at 22‘’C , and othcis at room tcmperatuie (21° to 35°C) 
These showed a iich giowth of the sinallci flagellate b^ the third daj m the 
tubes at 22°C , in the ciiltuics kept at loom tempcintuic grow’th also took 
place, but moie slowdv Enc^«tmcnt al«o occuiicd m se\cial of the tubes kept 
at 22°C In cultuies placed in the ice ehest (13° to 18°C ) all flagellates 
died out within 24 liouis 

The laigei flagellate piotozoon unfoitunateh died out m the cultuies, and 
oui mateiial foi the studv of this oiganism has been acij’- scant}' The smallei 
oiganism-an Embadomona<-has been maintained in sub-cultuies at 22°C 
up to the time of wilting, a peiiod of inoie than six weeks In a ciiltme moie 
than a month old only cysts weie ‘^ecn, sub-ciiltuies fiom this ciiltuie weic 
taken in Dobell and LaidlaM’’s mediuin, and incubated at 22°C , the=!e showed 
numeious motile Embadomona'= at the thud da^ 

In ordei to obtain fuithei mateiial foi the study of these organisms, 
cultuies M’eie taken in Dobell and Laidlaw’s medium fiom the fieshly passed 
fffices of SIX COM’S at the Keoiapukii Kala-azai Tieatmcnt Centre neai Calcutta 
Of these tw’o gave a nch giow’th of a copiozoic Bodo, one show’ed veiy scanty 
ciliate protozoa piesent, and the leinaining three show’ed no piotozoa piesent 
Neither of the tw’o flagellate piotozoa oiigmally encounteied in the cultuies 
from Muktesai weie piesent 

In the meantime the senioi author had w'litten to-Mi Cooper, asking foi 
fmthei mateiial Mi Krishna lyei kindly inoculated seven tubes of Rows 
medium from the faeces of seven hill bulls of the same breed, in thiee specimens 
of which he had again found the smallei flagellate organism These seven 
bulls were all suffering from diarrhoea at the time wdieii the cultuies w’ere taken 
On leceipt of the cultures at Calcutta, sub-cultures w’-eie taken, and all seven 
sub-cultuies M’ere found to contain a rich giowdrh of the same Embadomonas 
as before 
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We may ne\fc pioceed to desciibc the two oiganisms found m the original 
cultuies As mil be seen, nc had abundant inateiial foi the study of the 
Bmbadomonas, but only scanty inateiial foi the study of the larger flagellate 
oiganism 


Emhadoinonas luvnnanhtim n sp 

The motile foi ms of the smaller flagellate aie illustiated m Plate LXIX 
Jilackinnon (1915), who fiist desciibed the genus Emhadomonas in 1911, gives 
the follomng definition of this genus — 

'This genus contains small slippei -shaped flagellates, chaiacteiized by a 
\eu hige cAtostome boidoicd bj piominent bps, nhich aic more oi less 
siderophilous, and tuo flagella, not so long as the body, one acting as an oigan 
of locomotion, and the othei Ijing in the c\tostome, the spheiical nucleus is 
placed at the antciioi end of the body, the two basal gianules, fiom which 
anse the tuo flagella, he at the anterior bolder of the cytostome Theie is 
a definite peiiplast, uhich pi events defounation of the body The anterior 
pait of the body slious a well-marked toision The cjsts are lelatively small, 
and are ovoid in foini' 

It mil be seen fiom Plate LXIX that the smaller flagellate from the 
IMuktesar bulls confoinis in eveij way to this desciiption The cytostome at 
the anteiior end is very prominent The motile foims vaiy in length from 
6 5/1 to 9 j< , and in greatest breadth fiom 2p to 4 /< The postenor end is 
generalh tapeied, but theie is no a\ostyle Of the two flagella, the anterior 
one 16 longei and thinnei than the mtracj'tostomic one (Plate LXIX, fig 20) 
As seen undei the claik giound, the anterioi flagellum is very active, as it 
lashes, the tip of the flagellum tends to hook down towaids the C3dostome, 
with the ie«ult that foiwaid movement takes place in a ]eiky manner The 
movement of the mti acytostomic flagellum is slower, moie continuous, almost 
rippling m cliaiactei Yeasts and bacteiia are fieelj’' ingested, but when rice 
staich i\as added to the medium, no staich particles weie ingested Largei 
and more spherical foims weie encounteied, but in all instances these pioved to 
be dividing individuals fPlate LXIX, figs 3, 11 and 16) A peculiar featuie 
of some of the cultures was the piesence of somatella with 3, 4, 5-m one 
instance as man^^ as 8-nuclei, and double this numbei of flagella, these 
appealed to be multiple fission foims, but it is difficult to say whether this is 
a noimal process, and not the lesult of the abnoimal environment of culture 
Division IS usually by binaiy longitudinal fission (Plate LXIX, figs 2, 6, H 
and 16) In old cultures many of the flagellates become paiasitized by 
Sphffiiita (Plate LXIX, fig 3) , in the fiesh state the Sphserita colony inside 
the flagellate slions up as a greenish, lefractile, morula-like mass Two and 
m'en thiee colonies of Sphsenta may be encountered within the same flagellate 
be cj toplasm of the animal is frequently much vacuolated, especially 
towaids its posterior end 
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With legaid to ciiKuic niedin, have ii'^cd the following — 

(z) Dobell and Laidlaw’s IlSre medium 
(u) Rov’s hfcmoglobm saline medium 

(zn) The medium used by Barret and Yaiboiough (1921) for the cultiva- 
tion of Balantuhinn colt 

(w) The medium used bj' Noguchi (1917) for the cultivation of leptospira 
{v) Haj" infusion 

The flagellates groAA be';t m (z) , there is a fan growth in (zz), a ver} 
scanty giovth in (zu), •'ind none at all in (zz’) and (r) The best growth is 
obtained at 22°C , slovei giowth occui^ at lOom tempciatuie (21° to 35°C), 
giowth IS inhibited at 37°C and m the ice chest at 13° to 18°C It may 
seem stiangc that an mte^stinal paiasite of a uaim-blooded host 'should not 
glow at 37°C . and '•hould giow veil at 22°C . but wo attribute this to the henAy 
bacteiial contamination at the highoi tcmpeiatuio killing oft the flagellates, 
this would also explain win bettei culture's weie obtained at 22°C than at 
loom tempeiatuic of 21° to 35°C Hogue (1921) obtained successful cultures 
of Ejnhacloynonas mtestmah^f of man at 35°C , w'hilst Wenyon (1921) also 
obtained cultuies of species of Embadomona's from the gninea-pig, lat, tortoise 
and fiog at 24°C and at 30°C Seeing that the same species of Embadomonas 
w'as obtained in cultures fiom eight consecutive bulls examined, the oiganism 
cannot be othei than a tiiic paiasite of the species of bull concerned Although 
these animals weic all suflfciing fiom eithei diaiihcca oi dysentery, there is no 
evidence that the Embadomonas conceined had any causative connection with 
the intestinal distuibance* 

Cysts — Plate LXX illustrates the cysts, as seen m films from cultures 
fixed w'lth Schaudmn’s fixative and stained by Heidenham’s iron-liEematoxThn 
stain The cysts aie vciy small, 3 to 4 5 /f m length and slightly less than 
this m bieadth They are usually ovoid m shape, sometimes pyriform 

* Since the present paper was written, we have had further information from Mr Krishna 
Tver, who writes as follows — 

'The only culture media employed in the cuKnation of the organisms were Bo^d's senim 
saline medium and Row’s luemoglobin saline medium, both incubated onb' at 22°C, and 
not at 37°C Tiichomonas seemed to thrive better in the foimer and they were found to be 
actively motile and multipljung for a long time in the same tube in this medium for over 
one month 

Row’s hffimoglobin saline medium, was found to be decidedly superior to Boyd’s for t e 
cultivation of Embadomonas The Trichomonas organisms, . however, could not a ap 
themselves to this and all of them perished during the course of the second sub-moculation 
leaving only a pure culture of Embadomonas behind Due to the very active multiphca ion 
of secondary organisms in Row’s haemoglobin saline medium, sub-cultures had to be ma e 
every 6 days and I have at present a puie culture of Embadomonas going m this me , 
It may be of interest to mention here that since forwarding the Embadomonas a ^ 
Trichomonas material to Colonel Knowles, I have had the opportunity of e\aminmg 
other samples of faeces derived from rinderpest animals that had developed diarr cea, 
microscopical examination, almost all of these samples revealed the presence o 
Trichomonas and Embadomonas, with or without the presence of coccidia 
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Owing to then extremely small size it is difiBcult to make out details of the 
structures within the cyst, even in a well-diflferentiated film In iodine pre- 
parations the cysts ai e seen to be mononucleate, and the ' shadow outline ’ of 
the c^tostome stands out cleail}' In films fixed by osmic acid and stained 
bj Giemsa’s stam the nucleus is seen to consist of an achiomatimc nuclear 
membrane nith no chiomatm on it, and a central small karyosome 

Plate LXX has been draun to show the exact appearances seen within 
the c%st It IS lerj haid to inteipiet these appearances The single looped 
line, or the double lines, moie oi less paiallel, and usually with a deeply 
staining portion between them, appeal to be the remains of the cjtostome oi 
of its thickened maigins The elongated or dumb-bell shaped nucleus des- 
ciibed in the c}sts of Embadomonas vitestinahs bj Tl'en 3 0 n and O’Connor 
(1917) vas not seen m the present species iMackinnon (1915), foi the cysts 
of Embadomonas alexciejji of the crane flj’’, desciibes and figmes disintegration 
of the nucleai membrane and the chiomatm as escaping in groups of granules 
into the cjtoplasm of the cjst In the piesent species theie are certainly 
present lei} minute and deepi} staining gianules within the cyst, but the}’’ 
appeal to consist of -volutin lathei than to be deiived by disintegration of the 
chromatin of the nucleus 

A \eiy chaiacteristic feature of the cyst of the present species is the 
shrinkage of the contents a'wav fiom the 'wall of the cyst, this, however, may 
be due to the fixative used, cold Schaudinn’s fluid This appeal ance is not 
seen in C 3 '’sts in films fixed with osmic acid and stained by Giemsa’s stain 
(The figures given for size aie from films fixed wuth Schaudinn’s fixative and 
stained by iron-hsematoxylin ) The cyst wmll appears to be thinner than that 
of E alexeieffi 

Discussion — ^The species of Embadomonas pieviousl} described are as 
follows — 

E agilis Mackinnon, 1911, in tipulid and trichopteran larvae This varies 
in size from 4 by 1 5 up to 11 b}”^ 3 p, the cysts measure 3 5 by 3 to 4 
by 3/( 

E alexeieffi Mackinnon, 1911, in tipulid larvae It measuied 7 to 16 /< 
by 5 to 9 /f, w’hilst the cysts were 5 to 6 by 4 to 5 p 

E mtestinalis (Wen 3 ’'on and O’Connoi, 1917) In the living condition the 
flagellates measuied flora 4 to 9 /< in length by 3 to 4/1 in breadth, the cysts 
were from 4 5 to 6 oi even 7 p m length, by 3 to 4 5 /< in bieadth 

E wenyoni (Fonseca, 1917) fiom the Brazilian monkey Cebus carya 
Wen 3 mn (1926, p 620) consideis that this form closely resembles E mtestinalis 
of man, ' -w ith wdiich it may be identical ' 

E sinensis Faust and Wassell, 1921, seen in diarrhceic faeces from nine 
patients in China Wenyon (1926, p 619) considers that ‘it is exceedingly 
doubtful if E sinensis is a distinct species from E mtestinalis, especiall}’’ as the 
enc3sted foims are alike’ 
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E bcloslonnc (Biiig, 3922) fioni (he ua(oi bug Belostoma sp ui Java 
Menvon eon‘;iclcis (liat 'it actualh no ‘-iiccifie cIifTcicncc fiom other 

species \\liich ha^c been dc'^oi ibcd ’ 

E cxnncuh Collici and Boeek (1926) fioni (lie crccuin of the labbit In 
(lie Jiving and motile ^tate (In^^ ineastne'. fiom 7 o to 13 l< in length 5 5 to 
9 5 in biendtli 

E biadyjn Ilcgnei and Sehnmnkd (1928), fiom tlie tliiee-toecl sloth 
Biadypus (pi'xcui^ Thi‘' has a length of fiom 4 3 to 5 5 p, with a 

bieadtli of 3 6 to 4 4// I'he f\-t i>. (hniatleiizcfl b\ Inning a dceplj staining 
pad at the anteiioi end vhieh imn lie a ‘'Welhng of the cjst wall 

E cavin’ Hegnei aiul Schnnnikei (1928) fiom the gninca-pig-])icsuniably 
the ^aiiic ''pccics a^ that enitn.ite/l fiom tlie gnmc.i-])ig lii "Wen} on (1921) but 
not named In him Thi'- i^ a \ei\ ''inall ''pe/ie-', with a length of fiom 3 4 
to 5 2//, and a bicadth of fiom 3 to 4 // 

E ovis Hcgiici and Schnmakei (1928) liom the sliecp This has a length 
of fiom 4 to 6 //, and a bieadth of fiom 3 1 to 4 4 // 

In addition to the=e, flagellates of (he gcnu« Embadonwnas Jla^e been 
cultivated b> 'Wenjon (1921, 1926) Jioni the mte»tmal content^ of the guinea- 
pig, the lat, a toitoisc and a fiog, but h.nc not been epccificall} named 
da Fonseca and Muniz (1920) ha^c al«o desciibcd an Embadomonas-like foira 
fiom the cockioach These authois, liowc\ci, maintain that the genus TFosIm 
difteis fiom the genus Embadomona^, (hcA considei that the paiasite of the 
cockioach belongs to the genus Embadomona^, but that the geneiic name 
TFflsAia should be letamed foi the foim found m man 

Of these difteient 'species, the one which comes closest to the Embado- 
inonas of the bull is E agib^i Thcic seems to be some difieience of opinion 
amongst zoologists as to whcthei, when two paiasites which aie inoiphologicalty 
so similai that thej cannot be diffcientiated fiom one anothei occm in tw'o 
wudely sepaiated tjpes of hosts, they should be jnit into one and the same oi 
into two diffevent species AVheie the hosts aie zoologically Aciy closely 
1 elated, the paiasites in all piobabihty belong to the same species, thus Dobell 
(1928) has sliowm that Entamo’ba histolytica of man and of Macacus monke}^^ 
aie one and the same paiasite Othei authois tend to cieate new^ species on 
veiy little evidence 

The bull, liow^ever, is so wudely sepaiated zoologically fiom tipulid and 
tiichopteian laivse, that we considei that the Embadomonas of the foimei should 
leceive a specific name of its own We accoidmgly suggest the name Emhado- 
nionas niimnantxum n sp 

Tncliomonas luminanhum Biaune, 1913 

As alieady stated, the second, laigei flagellate soon died out in the 
cultuies, and hence oui mateiial foi the study of it w'^as but scant)'' Plate 
LXXI illustiates the foi ms seen No cyst w'as encounteied at any time 
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The body is pyiifoim but very liable to distoition It varies in length 
fiom 11 to 16 }(, and in gieatest bieadtli fioin 5 to 10 ]i (in fixed and stained 
specimens) Theie is a large oval nucleus neai the anteiioi pole From a 
group of basal gianules just in fiont of the nucleus three delicate anterior 
flagella aiise, these beat togethei with a sweeping action, one of them appears 
to be much shoitei than the othei two (Plate LXXI, figs 2, 9, 11, 12, 13, 14, 
15, 17, 18 and 19) Fiom the same gioup of basal gianules arises a posterior, 
tiailing flagellum, this is definiteh thickei than the flagella of the anteiior 
group As it passes backwaids along the body of the animal it shows a special 
tendenci to adhere to the lateial niaigm, as is exemplified thioughout Plate 
LXXI It finallj' piojccts free behind the posteiioi pole (Plate LXXI, figs 6, 
7, 8, 9, 10, 13, 17, 18, 19 and 20) 

The tno most vaiiable oiganeJles in the animal aie the axostyle and what 
may be teimed the 'ciesccntic fibiil ’, conesponding to the basal fibril in the 
undulating inenibiane of a Trichomonas The axostjde is sometimes absent 
(Plate LXXI, fig« 1, 2, 3 and 15), but these are piobably degenerating foims, 
sometimes, hovciei, it is conspicuous (Plate LXXI, figs 4, 5, 6, 8, 10, 11, 13, 
14, 16, 17 and 18) The ciescentic fibiil is sometimes inconspicuous oi even 
appaientlj absent (Plate LXXI, figs 1, 2, 3, 4, 5, 6, 7 and 12) , sometimes, 
hovevei, it is veiy piomment (Plate LXXI, figs 9, 10, 11, 13, 14, 15, 16, 17, 
18, 19 and 20) 

It is c’eai fiom its inoiphology that this oiganism belongs either to the 
genus Tnchomonas oi to the genus Eutnchomastix, and it is veiy difficult to 
come to a decision on this point Biaune (1913) has desciibed fiom the lumen 
of cattle both a Tiichoraastix and a Tnchomonas The former was about 
8 p in length vitli 3 anteiior flagella, an axostyle, and an ‘elastic fibril’, he 
states however that he was not able to detect a trailing flagellum, and his 
single illustration recalls an Enteiomonas lather than a Trichomastix The 
Tnchomonas was about 8 /< in length, with 3 anteiioi flagella, a marked 
axostyle, often with a ciescentic row of dots lying parallel to it, recalling the 
appearances encountered in Tnchomonas muns He neither mentions noi 
figures an undulating membrane, but speaks only of a ti ailing flagellum 
(Schleppgeissel) 

Presumably the form vhich we have encounteied is one oi other of these 
tvo species, and it leraains to deteimine ivliich This bungs us to the very 
difficult question of the identity oi otherwise of the geneia Eutnchomastix and 
Tnchomonas And here ve cannot do better than quote a passage from 
Wenyon (1926, p 671), vhich summarizes this matter 

' Eutiichomastix Kofoid and Swezy, 1915 This genus includes flagellates, 
vlnch resemble Tnchomonas except for the absence of an undulating membrane, 
the posteiior flagellum of Tnchomonas being represented by a trailing flagellum 
They have geneially been known by the generic name Tnchomashx, but owing 
to the fact that Vollenhoevan had pieviously proposed this name for an insect. 
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Ivofoid and Swczy (1915) intioduccd the name Evtrichomastix It seems 
piobabic that, in some ea<-e^ at lea'll, (ho J']u{)uhomai.{iv forms are ineiely 
Tuchomoiicis m iihich tlu' jw^lcnoi flagellum has become fioe Chatton (1920) 
found that m cultuies the Ttuhomona^. of the gumca-pig might assume eithei 
foim lleichcnoii (1918, 1920) noted that oce.i'-ionalh m hzaids the blood 
sticam lias imadcd bj Enf)}c}tom(tsln fiom the mtcstmc In one case m 
iihich a lizaul had died of sxkIi an infect ion, at the time of death the onlj 
foims piesent in the blood i\eic of the Euhichoniastn t\pe On the nc\t day, 
hoMeici, m addition to tlie^e tlieic i\eic othei flagellates of the Trichomonas 
tjpe piesent KeichcnoM consideis it jio'-sible that the lattei had been derived 
fiom the foiinei, and that the two t\pcs mai be stages of one oiganisra In 
faioui of this Mcw IS the well-known lad that wlicic flagellates of the 
Tuchomonas type oecui, iciy fieqiienth othei^ of the Eutrichomastix foiin 
aic jnesent at the same time Tiiiib Dobell (1909) noted that T baiiachonon 
was often associated m the fiog’^' intestine with E batuahoium, and a siniilai 
association was noted by Piowarek (1901) m the case of lizards, and by 
iSIaitin and Robeitaon (1911) m fowls On the othci hand, it appeals that 
sometimes the flagellates aie found m the Eutnehomastn foira when Tiicho- 
monas is absent, as m the case of E sopentis seen m a snake by Dobell (1907) 
The wiitei (Wenyon) has ciiltuated a Tuchomonas of the toitoise {Testudo 
ladiata), the pydhon {Python molwus), and the fiog, and m these cases thcie 
was no tendency foi the flagellates to assume the EiUuchomastn form Foi 
the piesent, theiefoic, it "ceins bed to icgaid the flagellates as belonging to 
twm distinct gcneia 

The flagellates of the genus Entiichoniasin Iuiac the same stiuctuic as 
those of the genus Tuchomonas, except that all the flagella, which aic fom 
m numbei, aie fiec, theie being no undulating mcmbiane One of the foiu 
flagella usually functions as a ti ailing flagellum ’ 

Grasse (1926) believes that he has detected a polymioiphic cycle of deve- 
lopment in tiicliomonad flagellates, having shown that Tiiclioraoiias may 
assume the Eutiicliomastix loim, and mcc veisa, and ha-Miig obseived piesent 
together wuth the laigei foims, «mall Tiimitiis foims wuth 2 oi 3 flagella and 
an attached ti ailing flagellum He supposes that Tiimitus foims dmelop 
thiough a Eutiicliomastix phase into a Tuchomonas foim, and that in some 
hosts Eutiichomastix icmams as such without fuithci deielopmcnt 

Such evidence as wm have been able to collect m Calcutta all goes to show' 
that Tuchomonas and Evtuchoinastu aie twm quite distinct geneia We have 
frequently cultivated species of Tuchomonas fiom many diffeient soiuces, and 
have nevei seen any Eutiichomastix foims m such cultuies In 1928 on 
examining the intestinal contents of a lat-snakc {Zamenis nmcosuni) iinclei 
the daik giound tw'o flagellate piotozoa of tiicliomonad tvpe w'cie piesent, one 
wuth, the othei wuthout, an undulating mcmbiane Cultuies weie taken m 
Row'’s limmoglobin saline medium and m Dobell and Laidlaw'’s HSic medium 
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In stained films fiom the cultuies thiec cliffeient species of flagellate protozoa 
could be identified Mitli cei taint j’, viz, a Tiiclioinonas, a Tricercomonas, and 
a Eutiicliomastix The Eutiichomastix latei cncssted, wheieas the Tiicho- 
inonas and the Tiiceicoinonas did not By ‘sub-cultming fioin the cysts onty, 
a puic cultiiic of Eutiicliomastix in its motile phase i\as seemed The oiganism 
lias non caicfiilh studied and compaicd nith the Trichomonas of the same 
host B'\ icpeated sub-culture the Eiitiichomastix stiain vas kept going from 
Septembci 1928 to Januaiy 1929 On no occasion vas any trace of an iin- 
dulatmg membiane seen, and the flagellates lemamed tiiie to moiphological 
type 

It IS tiue that a djnng Tiichomonas maj closely simulate a Eutiicho- 
mastix As pointed out b}^ Dobell (1907) foi T seipentis, as the animal 
degeneiates the ti ailing flagellum tends to adheie to the margin of the body, 
whilst in the final phases amccboid foims aie pioduced On the othei hand in 
fresh mateiial it is alwajs possible, in oui expeiience, to diffeientiate betw^een 
the two, thus we liaae fiequcntl} ‘studied T laceitce and E lacertce of the 
hzaid In stained piepaiations theie h no tendency in E laceitce foi the 
tiaihng flagellum to adheie to the maigin of the bodj, wheieas the undulating 
membiane of the Tiiclioinonas is unmistakable Furthei, under the dark 
giound, the movements of the two animals aic difteient As the movements 
of Trichomonas slow down, the iippling of the undulating membiane is un- 
mistakable On the othei hand, in Eutiicliomastix the posteiior, ti ailing 
flagellum stands out lateiallj away fiom the body, then lashes m against it, 
then stands out again, the movement lecalling that of a laihvay signal arm 

In the case of the species illustiated m Plate LXXI theie is a veiy special 
tendency foi the ti ailing flagellum to adheie to the maigin of the body 

Fuithei, jNIi Kiishna Ijei states that in the fiesh mateiial fiom which the 

cultuies weie taken, the presence of an undulating membiane was 
unmistakable 

Lastly, theie is the question of the ‘ ciescentic fibiil’ 

No such ciescentic fibiil is desciibed or illustiated by Dobell (1907) foi 

E seipentis, by Dobell (1909) for E bati achoium , by Mackinnon (1912) for 

Eutiichomastix of Tipula, bj’^ Biaunc (1913) foi E luminantium, by 
Reichenow (1920) foi E laceitce Mai tin and Robertson (1911) in E galh- 
naium show' a faint chiomatinic line, upon wdiicli he a number of deeply 
staining dots of chiomatin, but this lies parallel with the axostyle, and on the 
side aw'ay from the trailing flagellum 

It IS veiy hard to lesist the conclusion that the ciescentic fibiil shown m 
Plate LXXI, figs 9, 10, 11, 13, 14, 15, 16, 17, 18, 19 and 20, is the stiengthening 
basal fibiil of an^ undulating membiane Accoidmgly w'e behe\e that the 
flagellate piotozoon illustiated m Plate LXXI is Tiiclioinonas ruminantium, 
though here studied m a degeneiatmg phase The adheience of the ti ailing 
flagellum to the maigin of the body represents an undulating membiane wdiich 
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i'! in piocc'^s of dissolution Figs 3, 2 and 3 appeal to represent the dying 
pseiido-amceboid phases of the animal 

^ ^ * 

We cannot conclude this pajici \\ithout expiessing oui most grateful 
thanks to Mi Coopci and to IMi Knshna hci for this most interesting 
matciial, and foi then kindness m taking cultures foi us 
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STUDIES ON GOITEE PEODUCED BY CABBAGE 


BY 

CoLOVEi, R McCARRISON, cie, md, prcp, khp, 

Indian Medical Seivice, 

Dxrectoi , Nutritional Reseaich, I R F A , Pasteui Institute, Coonoor, S India 
[Recencd for pubhcition December 20, 1930] 

The discoverj’’ of Chesney, Clawson and Webster (1928) that cabbage, 
W'hen it forms the main bulk of the food of rabbits, causes thyroid hyperplasia 
wnthin the relativelj’’ short period of 15 to 30 da^s and considerable goitres 
after months of subsistence on the diet, has provided a leady and convenient 
means foi the study of thyioid physiologj’- and pathologj-- The work of these 
observers has been confirmed and extended by Marine and his colleagues 
(1929, 1930) while Chesney and Ins co-woikers (1929, 1930) have added 
considerably to their original discovery It is now^ definitely known that a 
positive goitrogenic agent exists in cabbage, that it is insoluble in w'ater, 
unaffected by boiling, destrojed by drying in certain ways, and is more potent 
at -certain ranges of pH (Marine et al, 1929, 1930) The goitie-pioducing 
potency of cabbage is said to vary wuth season, to be enhanced by steaming 
and to be inversely pioportional to the ability of the cabbage to absoib iodine 
Steamed cabbage from which tlie juice has been expressed is almost as effective 
as the w'hole vegetable, while the expressed jpice is onlj- slightly effectne 
(Marine et al, 1930) The goitie-producing action of cabbage is annulled by 
the simultaneous administration of iodine (Webster and Chesne}’-, 1928) 
Goitres produced m this w'ay are curable by lodme-therapy, their cure being 
associated with an increase in the metabolic rate (Chesney et al, 1928) 

Purpose of the Investigation 

The purpose of the piesent investigation wms threefold to observe the 
goitie-pioducing action of cabbage, to studj- the changes in lodme-metabolism, 
as 'evidenced in the gland itself and in the urinary excretion of iodine, that 
might be brought about by. the goitrogenic agent in cabbage, and, to discover 
substances antagonistic to this agent 

{ 1311 ) 



m2 


Shifhes nn Gniho Piodnncd hy Cahhago 


Previous c\pcncncc had sliovn that Ihc fii^t c«‘'Cntial in an expeiiracntal 
investigation of this kind i^^ to make ‘^uic of a pcifcctK noimal universe of 
animals fiom vhich to begin ob^cnation In the lalibit the thjioid gland is 
amongst the ino^t Aaii.dile, botli .i" to ‘'I/a* and lii-'tologu al ‘'tructuie, of all 
oigans of the bod^ Biown, l^'ai-e and \ \llen (1925, 192{)j, in then ‘;tati‘'tital 
studie': of oigan vcight'- in labbit", found the co-cninent of ^.ulablht^ in ‘-izc of 
the thvioid gland to be high a'^ 70 3 in 349 hcaltlu aniniak, and to range 
between 30 0 and 127 5 in 127 unhealth^ aniinalc, the thyroid thus exhibiting 
a vaiiabilitx" gieatei even than that of the spleen, the coiiesponding co-efficients 
foi which veie 44 0 and 44 2 to 65 6 Apait fiom acute and chronic diseases 
vhich max can've the tliMoid gland to \ai\ cithei in the diicction of increase 
01 of dcciea‘=e m '-izc, ‘'lati'^tical ''tudie-'' in the-'C 101 ) 01010110 =; ho\c shown that 
the piincipal cause of the gland" \aii‘ibihtx in "ire i=; diet, fin ther, this 
\aiiabilitx 1 =; a ciiteiion of abnoimahtj ‘-ccond onh in nnpoitance to enlaige- 
ment of the gland itself To en^uie a wholK noimal unuci'jc of experimental 
oniinaB the stock diet =;hould be =0 oon;;titutcd that the =:ize of the oigan does 
not exceed ccitain limit" at gi\cn pciiod=: of life while the co-efficient of 
vaiiabihtx in size leinain^ low In Blown, Pcai=c and ^ Allen’s (1926) ex- 
tended ^eiies of 644 appaientlx noimal labbits the gio«5 body-weight of the 
animals langed between 1,400 and 3,500 gi amines (median 2,225 gi amines), 
wdiile the weight of the tliMoid langed between 85 and 1,730 ing (median 
200 mg), the co-efficient of \aiiabihtxf in weight of the gland being 63 35 
In the umforinly-fed, “stock labbits (from amongst which the animals used m 
this investigation weie taken) the concsponchng figures aie lange of bodx- 
w^eight, 1,450 to 2,440 giammo" (median 1,880 mg), lange of thyioicl-w eight, 
129 to 428 mg (median 219 mg), co-efficient of xaiiabilitx m thyioid 
size, 34 2 While, thciefoic, the mean size of the thxioid gland m oui own 
stock IS shghth higheit than that in Blown, Pearsc and \ Allen’s senes, the 
co-efficient of vaiiabilitx is consideiably less The stock diet in use foi rabbits 
in these laboratoiies consi"ts of cabbage, glass, caiiots, bian, spiouted giara, 
and watei ad libitum It i" not oiu expeiicnce that labbits do not need to be 
gnen chinking watei Indeed, it is as essential to then well-being as it is to 
that of othei laboiatoiv animals A full-giowm labbit needs 60 to 70 c cs of 
watei daily 

A fuithei figuie may heie be icferied to the Value of ‘1’, '1’ being 
the relative thvi oid-w eight on body-wmight, expiessed as mg pei 1,000 gs 
of body-wmight Foi noimally-fed rabbits in this laboiatoiy, of the range of 
body-weight above stated, the value of ‘ 1 ’ has been found to vaiy betw^een 


*To be published at a latei date 

tit should heie be emphasized that thice local conditions 111 Coonooi — altitude, calcium- 
content of the soil and lodinc-content of soil and vegetables giown upon it — all have an 
influence on the thyioid gland The height of Coonooi above se.a-level is 6,000 ft , the soi 
is very poor m calcium, and lelatively iich in iodine 
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100 and 141 at diffeicnt seasons of the jeai, the lone) figure being found in 
mid-summer, the Inqlm in the spring, eaily mmmei and autumn Within this 
lange of bod\-\i eight — 1,500 to 2,500 gs — i allies of ‘ i ’, in excess of 125 
m summei e\peiiment« and of 176 in spnng, eailv summei and autumn expeii- 
ments, aie to be legaided as definiteh abnoimal and indicative of thyroid 
enlargement These aibitian limits aie aimed at by adding one-quaitei of 
the lalue of 'i ' to the noimal lalue of ‘ i ’ foi each season 

First Experiment 

This expel iment was earned out dm mg the eaih summer ilaj and June 
1930 Its duiation was 54 dajs 

Eighteen rabbits weic used Thej weie divided into three groups of the 
same aggiegate bodj -weight 8,430/40 grammes Theie were three males and 
three females in each gioup The animals weie confined each in a sepaiate 
cage under conditions of scrupulous cleanliness Distilled w'atei foi drinking 
purposes was provided ad hbitwn One gioup was fed on an exclusive diet 
of raw cabbage, the second on cabbage, from the same souice, which had been 
steamed foi 15 minutes in a steam-stei ilizei , and the third on a control, stock 
diet consisting of cabbage, glass, caiiots, spiouted Bengal giam and bran* 

The cabbage used was locally giown on soil whose iodine-content is lela- 
ti\cl\ high (aveiage 284 y pei kilogram) Fresh supplies w'ere obtained each 
day, detenoiation consequent on stoiage being thus avoided Similarly, the 
components of the control diet weie of the fieshest Cabbage was supplied 
ad hhitum to Gioups I and II, an account being kept of each animal’s daily 
consumption of it (Table I) 

The rabbits w'ere killed bi an -embolism on the moining of the fifty-fifth 
day, then thyioids were then di'^ected out and weighed The weights are set 
out in Table I 

At post-mortem examination the thvroid glands of all animals fed on 
steamed cabbage w'cie ^een to be enlarged and congested In colour the organ 
had the browm, glistening appearance of a iipe, newdy-shelled chestnut The 
isthmus wms broadened, though not as a lule much thickened, and covered 
two or three times the usual numbei of tiacheal iings The lobes imried in 
size in different animals, and in the diiection of their enlargement On lemoval 
of the gland from the body it lost consideiably m size consequent on drainage 
of blood from it Taking 176 as the value of ‘i,’ bej'Ond which the tliyioid 
can be regarded as being definitely enlarged, it w ill be seen from Table I that 
all SIX animals in this group were goitious 

Of the SIX animals fed on raw cabbage four had tlij-Toids presenting appear- 
ances similar to those just described, these were goitrous Two thyroids weie 
not enlarged though they showed some congestion 


*Tbe aierage consumption of these components 
220 grammes, grass, 243 grammes, carrots, 64 grammes, 
bran, 100 grammes, water 60 ccs 
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Of the ':i\ inmnls fed on tlic contiol diet one (TCo 13, Table I) showed 
slight enlargement and the “Jaine iipc-che«tnut appeal ance as goitious organs 
m the othei ti\o gioups 

One lobe of each gland ^\a« ^et aside foi hi-stological studj and the other 
foi deteinnnation of it*; iodine-content The findings in legaid to the latter 
aie set out in Table I The lodinc-estiiiiation^ in the fiist three animals were 
lejected since at the time the^ Mcie made it was not lealized that the lodme- 
content of the gland would be •«o low, and experience had not been gained as 
to the amount of ti««ue necessan foi the deteiminations 

The mine of two aniiiiaK in each gioup was pooled, estimations of its 
iodine-content being made on three occasions The aieiage of the three 
estimations ^hown foi each gioup m column 10, Table I The aierage daily 
consumption of caiibagc ba each animal is gnen m column 11, Table I 

[The figuies gi\en foi iuinir\ iodine IhiotiRhouf this pipei relite to 17-hoiii samples 
collected between 4 pm and 9 \ m T/ipj/ do not icpic'^rnl the total cxoetion of iodine tn 
the iinnc Owing to tlie lack of siiitihle metabolism ciges foi ribbits the method adopted 
for collecting the urine m-- is follow- — The inimil- selected to pio\ide the samples, were 
kept in their own cage* from 9 \ m until 4 pm dunng which time thet were fed and 
watered At 4 pm the\ were trinsfciTcd to cage- spocialK designed foi the collection of 
uncontaminated urine This proecduic was followed for 2 oi 3 dajs until the amount of 
urine (lOQ cc or more) needed foi oui pin pose had iccumiihted In the first and second 
e'cpenment two animals from each gioup were u«ed to pioaide the samples, in the third a 
sample was obtained from each animal Three estimation^ weie made of each sample, the 
aaerage of the three being the figure shown m the Tables The estimations both of the 
lodme-content of the urines and of the tlwroid glands were made ba mv assistant — Dr G 
Sinkaran— b\ a modified \ Fellenberg method (f-ankaran, 1930)1 

Results of the First Expenroent 

1 The cabbage u=ed m tins expenment liad a pronounced goitrogenic 
action 

2 Steamed cabbage was moie potent and moie uniform m its action 
than law cabbage 

3 The difieience in goitiogenic activitj between law and steamed cabbage 
i\as not due to a greatei consumption of the latter, but to some change brought 
about by steaming which eithei augmented the action of the goitrogenic agent 
or w'hich destroyed some anti-goitrogenic substance present m cabbage (Marine 
et al, 1930) 

4 The iodine- content of the thyioid gland was least in labbits fed on 
■'teamed cabbage and gieatest m the control gioup There w'as, on the average, 
4 times as much iodine in the glands of labbits fed on raw cabbage as in those 
of labbits fed on steamed cabbage 

5 In geneial tlieie was an inverse i elation between the size of the thjwoid 
gland and its iodine-content 

6 The ullnar^ excietion of iodine was the same in the ‘steamed’ and 
in the ‘law cabbage’ groups In the contiol gioup the urinary excretion of 
iodine w'as higher than m either of the other two 

J, MR 
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7 Tlie histological features of the cnlaiged glands in this experiment 
weie (a) hypeiplasia, (b) absence oi paucity of colloid, and (c) engorgement 
These appeal ances aie illustiatcd in Plate LXXX, figs 19 and 20 


Second Experiment. 

This expel iment ^^as earned out, during the months of July and August 
1930, undei the same conditions as those of the first one Ninety labbits were 
used They were divided into 15 gioujis of 6 and fed as follows — 


Group 

IV 

on 

law cabbage 

n 

V 

on 

raw cabbage and iodine vatei 


VI 

on 

steamed cabbage 


VII 

on 

steamed cabbage and iodine vatcr 

)) 

VIII 

on 

steamed cabbage and tlnioxmc, 


IX 

on 

steamed cabbage soaked m chlorine vatei 


X 

on 

a contiol stock diet consisting of law cabbage, giass. 
car lots, sprouted gram and bian 

V 

XI 

on 

steamed cabbage <=oaked m biinc 

}} 

XII 

on 

steamed cabbage and ladiostolciim (B D H ) 


XIII 

on 

steamed cabbage and caiiots 

)) 

XIV 

on 

steamed cabbage and <5proutcd giam 

ij 

XV 

on 

steamed cabbage and bian 

M 

XVI 

on 

steamed cabbage and glass 


XVII 

on 

a contiol diet consisting of steamed cabbage, grass, 
car lots, sprouted gram and bian 

n 

XVIII 

on 

raw cabbage and caiiots 


All gioups weie piovided with distilled, di inking watci ad hbitum lodine- 
1 5 mg pel Iitre-was added to the dimkmg watei of Groups V and VII, they 
were housed well away fiom the othei groups Gioup VIII was given 2 tablets 
of thyroxine, each containing 0 8 mg, amongst the six animals twice a week, 
the drug vas mixed with mashed cabbage and given first thing m the moining 
Radiostoleum (B D H )-one diop pei rabbit pei day-was admimsteied m 
the same way to the animals in Gioup XII The ‘ chloime water,' used m 
Group IX, was fieshly piepaied, the steamed cabbage being soaked m it over- 
night Similarly, the steamed cabbage was soaked ovei night m a concentrated 
solution of sodium chloiide before being given to the animals in Gioup XI The 
carrots used in the diets of Gr-oups X, XIII, XVII and XVIII weie given law, 
100 grammes being presented to each animal daily, of this ration the aveiage 
consumption was about 70 grammes The other food-mateiials used m the 
experiment-grass, sprouted giam and bran-weie provided ad hbitxm, the 
daily average amounts eaten being of giass, approximately 250 giammes, o 
sprouted gram, 90 grammes, and, of bran, 100 giammes In all groups tie 
cabbage, whether law oi steamed, was provided ad libitum 
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The results aie set out in Table II, togethci with the daily average cabbage 
consumption, the iodine-content of the thjuoid glands and the urinary excretion 
of iodine by each group The data m Table II aie expiessed as averages in 
Table III 


T\ble II 


Giving details and lesidts of the Second Experiment 


1 

1 

"rt i 




'a ( 


TS til ' 

<y i 

fefl O 

Group 

1 

Diet 

Number of anim 

1 

X 

O 

CO 

O 

r .r: 
a tt) 

5) o 

C ^ 

O 

1 

o 

JQ 

a 

Weight of thyroi 

U 

«V<M 

o 

Iodine in thyroi 
7 pel 100 m 
of fresh gland 

Iodine m iirm 
7 per litre 

Daily avera 

consumption 
cabbage 

i 





ES 

mg 1 


^ 1 

y 

SS 

1 

2 

3 

4 

5 

6 

7 


9 

10 

1 

11 



19 

M 

1,650 

1,665 

419 0 

252 

1 1 

1 

792 


o 











c 

20 

M 

1675 

1 SI5 

228-2 

126 

47 


775 


•D 











s 

21 

M 

1,515 

1,425 

243-8 

171 

24 


785 

IV 

> 

22 

F 


! 






1,090 

1,790 

326*4 

! 182 1 

16 


776 







; 1 






23 

i 

P 

2020 

1 

1,855 

240-6 

130 ! 

14 


772 



24 

F 

! 1,750 

I 

1 

1725 

139-2 

81 i 

i 

7*6 


784 

A■^ erages 

1717 

1.713 

290 

i 

1 

157 

3*03 

9-3 

781 



25 

- 

M 

1,700 

1,825 

1548 

85 

60 

j 

747 


a 











a 

26 

M 

1,650 

1,740 

196 6 

113 

1-2 


764 


Q> 










V 

W a> 

5a 

JO'S 

27 

M 

1,630 

1,565 

150-4 

96 

6-3 


772 


g y 

28 

F 

1,720 

1,730 

156 4 

90 

29 

1 

753 


a 

29 

F 

1,770 

1,860 

169*2 

91 

3-1 

i 

765 



30 

F 

1,830 

1980 

1672 

84 

44 


758 


Averages 


1,717 

1,783 

217 

93 

3-98 

28*0 

760 
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Tabll II — conii] 


Giving details and icsuUs of the Second Eipciiincnf 


1 


*3 1 


i 1 

1 ^ 

1 JZ 

T3 

1 

I'd tc_ 

O 

d, 

tfl o 





o 


O 


2 3 ^ 

a 

e3 

t-> 



3 

== 


X 1 

1 a 

r>> 


^ O tX5 

^ C 

O d 
^2 

Group 

Diet 

O ( 

o 

1 

5 

[ 

C 

C/J 

EH 1 

U O 1 

U 5? { 

o 1 

Fm il body 

o 

tC 1 

^ i 

! ^ 



Iodine m 
y per ht 

Daily 

consumpt 

cabbage 

i 


1 


PS 

1 

1 1 

1 "'P 



y 

1 

^ i 

2 

1 

" i 

4 ! 

5 ' 
1 

1 

6 

■ 

8 


10 

1 

I 


1 

1 

1 

1 31 

M 

1 380 

1 405 

310-1 

210 

B 


800 


c 

tr 

32 

iM 

1,050 

1 070 

307 0 

181 

B 


814 


3 







BB 

1 

815 



1 33 

M 

1 905 

2 005 

1 ICO 

73 



VI 








!||B 




1 S 

31 

F 

1,040 

1 830 

150 8 

82 



808 


E 










a 

35 

F ' 

1910 

1,850 

119 0 

81 

8-5 


794 


Cf) 

36 

1 

F 

1 

j 1 815 

2,020 

200-1 

132 

2-0 


796 

A; cinges 

1,717 

1 

1,807 

255 

128 

020 

i 

12-7 

805 


o 

1 tf 
c3 

37 

r 

1,530 

1,905 

212-2 

127 

25 


795 


38 

M 

1,620 

1,010 

170 0 

100 

47 


773 


XI d 

S-S 

39 

1 

M 1 

1,780 

1,780 

200 0 

113 

22 


815 

VII 

o 







789 


6 fl 

40 

M I 

1 

1,720 

1,900 

lGS-6 

89 

1 

14 4 



a; 

41 

F 

1,700 

2,000 

100-4 

SO 

g-2 


815 


cn 







1 814 



42 

F 

1,890 

2.105 

128 2 

59 

55 

[ 

A\ erages 

1,717 

1,893 

178 

90 

6-42 

23*3 

1 

1 

800 

1 


to 

a o 
^ a 

43 

F 

1,900 

2,015 

103-6 

1 

51 

24 0 

' 

806 


44 

F 

1,730 

1,830 

95-4 

52 

19 8 


798 


s s 

45 

M 

1,750 

1,815 

177 6 

98 

188 


815 

VIII 

<y •4-s 

ig 

46* 

F 

1,750 

1,475 

79-4 

54 

? 


772 


47 

M 

1,740 

1,970 

1464 

74 

210 


808 


CO 








814 



48 

F 

1,430 

2,165 

172-8 

79 

47 0 


A\ erages 

\ 

1,717 

1,878 

129-2 

68 

261 

110-0 

802 


* Pied on the 49 th day 
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Table II — contd 

Giving details and lesults of the Second Expenment 







•43 

•j3 

T3 


•a tfl 

Q) 


! 


a 


xs 


O* 


o a ■§ 

a 

g 



5 

rt 

o 

u 


-4^ 1 

0 

1 

n3 

o 

1 

u-$ 

O 


1^8 "a 

P 0) 
u 

p p 

^ s 

S to 

Group 

-4^ 

o 

(5 

a 

;! 

y 

o 

TO 

CJ XI 

ou 

5) o 

X) 

s 

s 

o 

-S 

CJ 

a 

O J-'S 

H-4 

i o g, 
g ^ 
o 

3 eJ 
w WJD 
^ 0X3 

! 3 8 o 

1 P 





es 

ES 

mg 


/ 

V j 

gs 

■ 1 

2 

3 

4 

5 

6 

B 

s 

1 

1 

1 9 

1 

1 10 

11 


c 

49 

M 

1,800 , 

1,840 

166-S 

91 

26 


817 


o ii 

50 

M 

1,820 

1,850 

3732 

202 

0-8 


816 


to a. 












51 

M 

1,810 

1,815 

2212 

1 122 

07 


810 

IX 

Is 









U 

*TS O 

52 j 

II 

1,600 

1,755 

1880 

107 

1 7 


814 


E'w 

e* 

53 


1,800 

1,835 

185 4 

101 

11 


819 


CO 

54 

i 

B 

1,470 

1,480 

226-S 

i 

153 

0*8 


814 

A\ cragcs 

1,717 

1,763 

226*9 

129 

128 

25 0 

815 



55 

F 

1,350 1 

1,660 

16(78 i 

^ 97 

1 

2*4 

! 

319 


1 

56 

F 

1,780 

1900 

1834 

1 96 

41 


313 


c ^ 







57 


311 



57 

F 

1,860 

1,845 

1648 

89 


!X. 

of 





75 


311 


U o 

58 

M 

1,840 

1,975 

214 0 

108 i 



o ? 











uj; 

59 


1,370 

1,065 

190-2 j 

114 

17 


319 



60 


2,100 

2,440 i 

230-0 

94 

37 


325 

A\ erages 

1,717 

1,914 

190*5 

100 

418 

153 

316 



61 

F 

1 

1,850 

i 

1,940 

1 

2010 

104 

49 


827 

XI 

fcC 

rt ^ ' 

Si 

s o 

“'3'H 

62 

63 

F 

F 

1,840 

1,640 

1,840 

1,415 

235 4 

256-2 

j 

128 

181 

20 

15 


816 

812 

T3 S O 








s'S? 

64 

M 

1,370 

1,570 

260-0 

166 

2-0 


807 


® d 

o ” 

TO 

65 

M 

2,000 

2,330 

2378 

102 

2-2 


808 



66 

M 

1,600 

1,655 

542-6 

328 

06 


819 


A\ enge"! 


1,717 

1,792 

288*8 

168 

1 1 

187 

1 

12-0 

815 
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Gwwq details and icsnlts oj (he Second Expenment 
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Table II — contd 

Giving details and lesidts oj the Second Experiment 




c3 

a 


ns 

o 


1 3 

1 

— tc "a 

la § 

o 

d 

Sdq 

1 C3 



a 

d 



a 


1 ^ 

!■§ “ 

d <D 

d t-r 

Qi d 
> 2 



'o 



>^ 



j:) 

d^ 






^ -4^ 

ns 

o 

o 

d U 0) 

u 

a §1 

Group 

O 

P 

o 

a 

X 

CJ 

W 

Origina 

weigh 

JS 

cS 

P 

A 

3 

a 

"a 

> 

0 

d ^ 

1 ^ o 

M 

Iodine 
y Pe 

Daily 

consu 

cabbo 





RS 

gs 

mg 


y 

y j 

gs 

I 

2 

3 

4 ' 

5 

6 

■ 

8 

1 

9 

10 

11 


'd 

a 

o 

85 

M 

1,500 

1,775 

305 8 

172 

0*7 


757 


o 

U) 

86 

F 

1,755 

2,105 

263-2 

125 

0*8 


718 


[■So 

87 

1 

M 

1,405 

1,600 

464 0 

290 

10 

1 

767 


1 “1 








o 

88 

F 

1,480 

1,720 

347 2 

202 

16 


774 


a 

a 

o 1 

89 

M 

1500 

1,900 

2116 

111 

30 


765 

1 

w 

90 

F 

1,470 

1400 

30()0 

218 

1 (T7 

1 

1 

759 

emges 

1,518 

1,750 

316*3 

1 

186 

13 

12*0 

757 


tJ 

a 

a 

91 

M 

i 1,530 

1,355 

287 8 

212 

(78 


762 


<D 

to 

92 

F 

' 1,115 

1,470 

190 6 

129 

42 


760 


•g 1 

93 

M 

j 1,370 

1,680 

129*6 

77 

48 


760 

XVI 

G £ 









ns 

94 

F 

j 2,325 

2,305 

279*2 

121 

2*2 


758 


a 

c3 

C) 

95 

M 

i 1,595 

1,800 

216*4 

120 

1 

2-4 


773 


W 

96 

F 

1,375 

1,765 

1 

168*4 

95 

50 


737 

Averages 

1,552 

1,729 

212*0 

126 

3*23 

217 

758 



97 


1,495 

2,000 

203*8 

102 j 

1 

3-6 


430 


to 

•ss 

98 


1,885 

2,420 

129 2 

53 

9r6 


426 

xvir 


99 


1,735 

1,910 

135 8 

71 

77 


431 









Sns 

100 

F 

1,395 

1,580 

1562 

99 

19 


425 


s 1 

101 









o 


1,350 

1,540 

1 4172 

271 

0*8 


440 



102 


1,280 

2,115 

1 

223 4 

106 

2*0 


444 

Averages 

1 

1,518 

1,928 

210*9 

117 

4*27 

i 

1?0 

433 
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Tvuhh II — (onchl 


Gww(j (Iclail^ (uul of the hciond I'hpomcnt 


Group 

Dipt 

£ 

o 

u 

o 

£ 

i 

1 

5 

- jz 

£ y 

Tr Z 

u 

1 ^ 

ps 


c 

^ j 

” ! 

1 "’K i 

1 j 

u j 

“ i 

1 j 

i -c y 

O 

r- o - 

£ 2 t, 

S u-7 

a a t 

g N c 
( >—1 

y 

i ^ 

o \ 

1 ^ U I 

'SI 

- C. j 

y 

Cjt_ 

tt 0 

2 

S' o 

^ tc 
«> 1 ^ 

»- 7 J3 
^ CJ2 

-or 

^ ^ V 

Q 

gs 

1 2 

j 3 4 

5 

G ! 

** 

i 

1 S 

1 

9 

1 

10 

11 


wmmm 

1710 

1 030 

270-0 ' 

171 

1 0 


671 










c- ! 


1470 

1 590 i 

2100 i 

132 

1 0 


656 

O 

1 


1 




1 


h'o 


1 OS', 

1725 

lSS-2 ! 

100 

2 1 


687 

Xt III -2 5 




1 


i 



^ CJ 

j lOG r 

1 no 

1 100 i 

1 

1812 1 

1 

1 131 

1 30 


690 

? 


1 205 

1 165 

117.8 ' 

237 

10 


1 683 


i los r 

1 oSO 

1,815 

1110 1 

79 

S-6 


721 

\\CI 

igcs 

1,52S 

1,601 

225 1 1 

1 

i 143 

1 

3 02 

107 

j 685 


Table III 


Gninq icvdts of the Second E-xpciunent as avoaqcs 
Diets anangcfl in a'^ccndnig oidci of \aluc of 'r’ 


ft 

rs 1 
o 

u 

O 

1 

i 

Diet 

1 

1 % « 
o 

t:t3 

o 

® s 1 

S ^ HP 
Ego 

S 

♦—1 

g« ' 

o 

o 

"r 

S- 

c *- 

Xuniber of goitres 

*2 >-r 

c* o 

3 ft 

r ^ 

tL 

tc 

r'Tj S 
o o ® 

y 

Mean urinary 

^ iodine y per 
litre 

1 

2 

3 

4 

5 

6 

1 7 

VIII 

Steamed cabbage + thyroMne 

+ 161 

68 

0 

26 10 

110-0 

V 

Raw cabbage + lodmc 

+ 66 

93 

1 0 

3 98 

28-0 

VII 

Steamed cabbage -}- iodine 

+ 176 

96 

0 

6 42 

23-3 

X 

Contiol diet lan c^bl>igp 

+ 197 

100 

0 

4 18 

15 3 

XIII 

Steamed cabbage + carrots 

+ 169 

115 

2 ( ^ s) 

2 60 

21 0 

XVII 

Contiol diet steinied (alibige 

+ 410 

117 

1 

4 27 

12 0 

XIV 

Steamed cabbage + spioiitcd 

4- 480 

126 

1 { vs) 

1 13 

11 3 

XVI 

j ivm 

Steamed cabbage -j- gi ass 

' 4- 177 

126 

1 

3 23 

217 

VI 

Steamed cabbage only 

4- 90 

128 

2 

6 20 

IS7 

IX 

Steamed cabbage m Cl iratei 

4- 46 

129 

2 (1 V s) 

j 1 28 

25 U 

XVIII 

Raw cabbage + cariots 

i 4- 76 

143 

2 

3’02 

llT/ 

IV 

Raw cabbage only 

__ 4 

157 

3 

3 03 

y 0 

XII 

Steamed cabbage 4- i adiostoleum 

4- 114 

i 165 

5 (3 V s) 

1 47 

y 0 

XI 

Steamed cabbage -f NaCl 

4- 75 

168 

3 (1 V s ) 

1 87 

12 U 
io*n 

XV 

1 

j Steamed cabbage + bian 

1 4- 232 

186 

4 

I 30 

1 



V s = Verj' small 
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The st^t]stlc.^l constants i elating to this e\penment aic set out m Table IV 

1\VBLE IV 


Showing the stotisiical constants in (he Second Eipei intent 


Group or 
groups 

ir 

o 

X 

c 

c 

c 

d 

Diet 

1 

•o j 

i ! 

c’w 

g' 

-i * 

o 

u 

s'? 

c- C 

s* j 

mg , 

'o 1 

g 1 

; > 

1 

1 £ 1- , 
s- I 

Co-cfficiont of 

variability of 

r ’ 

IV 

19-24 

Raw cabbage 

1 

1 713 

2900 

157 0 

3T5 

V 

25-30 

i Raw cabbage -f- iodine 

1,783 

1 

217 0 j 

93-0 

13 2 

M 

31-3G 

! Steamed cabbage 

1 807 1 

2551) 

128 0 

47 2 

VII 

37-42 

1 

i Steamed cabbage -{- iodine 

1,893 1 

178 0 , 

96 0 

24 0 

IIII 

43-18 

1 Steamed cabbage -f fhi roxme 

1878 I 

129-2 

68-0 1 

28-0 

IX 

49-54 

! Steamed cibbago + chloime H,0 

1,763 j 

226 9 

129-0 ! 

32-2 

X 

55-CO 

Conti ol I in tibliige 

1,914 1 

190-5 

100*0 

93 

XI 

61-6G 

Steamed c ibb igo -f 'odniin 
chloride 

1,792 j 

1 

288-8 

' 1 
1 

168*0 

5(13 

XII 

67-72 

Steamed cabbage -f- radiostoleum 

1,831 j 

1 300-0 

1 165 0 

175 

XIII 

73-78 

Ste lined cabbage carrots 

1,687 i 

' 196*3 

' 1150 1 

j 38 4 

XTV 

79-84 

Stennied cabbage + sprouted 
gram 

1,898 

! 237 5 

1 

1 

126 0 

15 7 

XV 

85-90 

Stennied cabbage -f bian 

1,750 

' 316-3 

186 0 

42-7 

XVI 

91-96 

Steamed cabbage -f grass 

1,729 

212 0 

126-0 

37 0 

xtai 

97-102 

Conti ol Steamed cabbage 

I 928 

j 

j 21(19 

117 0 

66 9 

XVIII 

103-108 

Ran cibbige + i mots 

j 1604 

' 225 4 

143 0 

38-4 


t^^otes — (1) The degiee of goitiogenic action is indicated b^ high Talue of ‘t’ , the 


degree of anti-goitiogenic action bi lo« ^alue of ‘i’ 

(2) The iinifoimity of goitiogenic oi anii-goitrogenic action is indicated by low 
co-efficient of vanabilih of ‘i ’ 


Results of the Second Expenment 

(1) In this expenment the noinial size of the thyioid gland, as indicated 
hi the mean value of ‘ i ’ in the two gioups (X and XVII) fed on well-balanced, 
control diets, was 108 rag pei kilogiam of body-weight Glands exceeding 
this size bj" moie than one-quartei (i e , in excess of 135 mg ) aie consideied to 
ha\e been enlaiged On this basis-admittedly an aibitiaiy one-the nunibei of 
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goities in each giouji is shoiMi in column 5, Table III Twenty-six out of ninety 
animals neic goitioiis, oi 28 8 pei cent Four gioups i\eie free from goitre 
those lecciMiig thjioxinc, iodine and the contiol diet containing raw cabbage 
The incidence of goitic in the icniammg ele\en gioups was 39 4 per cent Of 
the 26 goities 8 wcic \oi> small, these nic indicated jn column 5, Table III, by 
the letteis s the icmamiiig 18 wcic of modciatc size, two oi three times 
that of the noimal oigan Photogiaphs ‘'how mg the glands m the more 
impoitant gioups aie icpiodiiccd m Plates LXXII to LXXVII, figs 1 to 12 

An unexpected lesiilt of thi^; expciimcnt was that the th3roKl of males was, 
in gencial, laigci than that of females, the mean ' r ’-\aluc m the former being 
152 and m the lattci 124 caltulated on the onginal bodj -weight of the 
animals, and 140 and 111 le^'pectneh , as calculated on then final bodj’^-w eight 
Associated with this difieicnce m size of the gland in the two sexes there is a 
significant difieience m the iodine-content of the gland, this being in inverse 
lelation to the size of the oigan 1 58 7 pci 100 mg of fresh gland in males, 
and 2 46 7 in females Thcic weic 19 goities m males and 7 m females, an 
unusual sex incidence 

(2) In all gioups except one (IV, 'Paw cabbage only’) the bodj'-weight 
inci eased duiing the 54 da^s of the expciimcnt, the average increase ranging 
from 46 to 480 gi aninic-; In contia'^ting the size of the thjioid gland m the 
different gioups the cficcts of the vaiious diets on the bodj'-w eight have to be 
taken into consideration The \alucs of ‘ r’ were accordingly calculated against 
the ongi 7 ml body-iveights of the animals and contiasted with those arrived at 
when the final body-wnghts aie taken as the basis of the calculations On the 
foimei basis the \aiious gioups, aiianged in ascending older of values of 'r, 
assume a ‘jomcwdiat diffcicnt oidcr to that shown m Table III, thus — 




Mevn value of 

‘ r ’ CALCUL.VTED ON 

Group 

Diet 

Original body- 
weight 

Final body- 
weight 

VIII 

ibteimed cabbiigc + thjioxme 

75 

68 

V 

Raw cibbagc -{- iodine 

97 

93 

VII 

Steimed cabbage 4- iodine 

104 

! 96 

X 

Contiol diet ran cabbage 

111 

^ 

VI 

Steamed cabbage only 

124 

128 

115 

XIII 

Ste lined cibbige + caiiots 

129 

IX 

Ste imed cabbage soaked m chlorine 
IV ater 

132 

129 

XVI 

Steamed cabb ige gi iss 

137 

126 

117 

143 

157 

126 

168 

165 

186 

XVII 

Contiol diet steamed cabbage 

139 

XVIII 

Raw cabbage + cairots 

1 147 

IV 

Raw cabbage only 

155 

XIV 

Steamed cabbage + sprouted gi im 

156 

XI 

Steamed cabbage -f sodium dilondc 

i 1G9 

XII 

Steamed cabbage -f ladiostoleum 

: 175 

XV 

Steamed cabbage 4 - bran 

208 
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Bj ^\hlche^el cntciion the ^alues of ‘ i ’ aie judged there were certain 
substances whose action was antagonistic to tluioid enlargement, and certain 
others whose action was definitch faaouiable to it In the former category 
are thjroMne and iodine, in the lattei, sodium chloiide, ladiostoleum and bran 

(3) The cabbage used m this expenment was less potent to cause goitre 
than that used in the fiist experiment The mean lalue of ‘r’ in the first 
expenment was 224 foi animals fed on law cabbage, wheieas in the present 
one it was 157 Associated with the laigei size of the gland in the first expen- 
ment there was a much lowci content of iodine in the thyroid gland (1 2 as 
compared with 3 03 y), and a lowei excietion of iodine m the mine (6 as com- 
paied with 9 3 y per litre) These figures suggest that the cabbage used in the 
second expenment was iichei in iodine than that used in the first The 
difference in the goitrogenic jiotenc} may, howe\ei, have been due to a greater 
concentration of goitrogenic substance in the early summei than in the late 
summei cabbage, or to a lesser content of anti-goitiogenic substance other than 
iodine (!Manne et al , 1930) in the one than in the othei Owing to the larger 
amount of cabbage used daih in the second experiment we had to go further 
afield foi it, it was obtained from places within a 10-mile radius of Coonoor 
The place of origin and giowth of the cabbage maa not be without influence in 
determining its goitiogenic potenej Apart fiom these considerations the 
question of season pei se, in fa^oulmg or disfa\ curing the genesis of goitre, has 
to be borne in mind 

(4) In this expenment steaming did not increase the goitrogenic potency 
of the cabbage, on the contlar^, it reduced this potency (Table III)-a lesult 
diiecth opposed to that jielded by the fii«t expenment There were certain 
differences in the method of steaming m the two experiments m the fiist, the 
amount of cabbage to be steamed was small and the steaming wms done in a 
small steam-sterilizer, in the second, the amount of cabbage to be steamed w'as 
large and the steaming was done m a large autoclave, the hd of which was not 
screwed down during the 15 minutes’ steaming It may be that this difference 
in method of steaming accounts for the different effect of the cabbage in the 
two experiments How'evei this may be, the effect of steaming wms as definitely 
favouiable to goitre-production in the one experiment as it was antagonistic to 
it in the other 

(5) If the values of ‘ r,’ as determined by calculation from the final body- 
weights of the animals, be taken as the criteiia for comparison, then carrots, 
grass and sprouted Bengal gram had each a slight anti-goitrogenic action, but 
if the values of ' r,’ as determined by calculation fiom the original body-weights, 
be used as the criteria for comparison then cariots alone exercised any anti- 
goitrogenic action and then only wdien the basis of the diet wms raw cabbage 
One effect of cairots, which appears to be fairlj definite, is that when they were 
added to the diet of steamed cabbage they caused a loss of iodine from the 
gland and a considerably increased excretion of iodine in the urine and, at the 
same time, a slight reduction m size of the tliiwoid gland (compare Groups XIII 
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and VI, Tabic III) These cficcts on loduic-inctabohsin ;\cre not observed "when 
caiiots ^^ole added to the diet of law cabbage tliougli lierc al^o a slight reduc- 
tion in ^izc of the tliMoid octmicd (toinpaie Gioups IV and XVIII, Table III) 
Grass had much the '?anrc clTocl'' a*' cnnot<? \shen added to the diet of steamed 
cabbage Spioulcd giam, vhcn added to the diet of ‘^teamed cabbage, caused 
a marked drop m the lodmc-conlcnl of llic gland vithont inatciiallv altering 
the late of lodinc-cxciction m (he mine 

(6) Bian va'^ definiteh fa\ouial)le (o goitic-piodiiction When added to 
the diet of '^teamed cabbage it caused a maikcd fall m the iodine-content of 
the gland AMthont anj significant change in the uiinary evcretion of iodine 

(7) Of the chemical substances used in this expciimcnt tv o-thyro\ine and 
lodine-had a acij maiked anti-goitrogcmc action, tvo-sodium chloride and 
1 adiostoleum-had an action faiomable to goitrc-prodiiction, and, one- 
chloiine-a neutral action m ‘=0 fai a'' the ^izc of the thyroid gland was 
concei ned 

Thijioxme, uhen added to the diet of '•teamed cabbage, caused the thyroid 
gland to be of small ‘•izc, pale m coloui, and of high iodine-content, wdiile the 
uiinai} excietion of iodine b^ the annnaK iccciMiig it vas high (IlOy per litre) 
On section the glands veie usually full of colloid, but thcic i\cie exceptions to 
this lule in which the amount of colloid wa'- iclatucl> •Jcant's (Plate LXXXIII, 
figs 31, 32) In general the higlicr the lodinc-content of the gland the more 
abundant was the colloid stoic [vide Table II) 

Iodine, when added to the di inking watci of animals fed either on raw or 
on steamed cabbage, did not gieath incicasc the iodine-content of the gland 
though it markedly iiici eased the uiinan excietion of iodine (Tables II and 
III) The amount of colloid seen in the glands of these animals, on micros- 
copical examination, w’as vanablc and bv no means laige (Plate LXXXIII, 
figs 29, 30) 

Chlonne had a leij lemaikable cftcct the thyroids of rabbits fed on 
steamed cabbage which had been soaked in fresh chlorine wmtei overnight did 
not difter in size from those of rabbits fed on steamed cabbage which had not 
been subjected to this treatment (compare Groups VI and IX, Table III), hut 
they contained much less iodine while the uimaiv excietion of iodine w^as 
doubled Chlonne appeared, theicfoie, to cause a loss of iodine from the body 
without increasing the size of the tliMoid gland The histological appearances 
of the glands in this gioup (IX) aic showm m Plate LXXXJI, fig 26 

Sodium clilonde enhanced the goitic-pioducnig action of steamed cabbage, 
it diminished the amount of iodine in the gland wuthout altering the amount 
excreted in the mine (Plate LXXXII, fig 25) 

Radiostoleum also enhanced the goitie-pioducing action of steamed cab- 
bage, it reduced the lodme-conteiit of the gland as wmll as slightly reducing 
the amount of iodine excietcd m the mine This action of fat-soluble vitamins 
in favouring the development of goitre is m sharp contrast to previous experi- 
ence in this laboiatoiy (McCaiiison, 1930) wdiich has indicated that deficiency 
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of these Mtainins i*" f.noimblc to the genesis of lymph-adenoid goitie The 
ie«ponsc of tlic ghnd to goitiogenic agent'^ i«, llo^^c^el, diffeient m the two 
cases Foi nhcicab in the one (a^ in tlio ]nc-'cnt c\peinnent) it i« that of a 
plnsiologicalh pci feet oigan le^nitnig in nuiltiphcation of efficient glandulai 
elements in the otliei (as mIicii fat-«ohible \itamin'- aie lacking in the diet) 
it IS that of a plnsiologicalh inefficient oigan lesulting in IvinphocjTic 
infiltiation and atiopln of the paionclnnia cells In the one the ' goitie ’ is 
of a Inpcrtiophic t^pc (Plate LXXXII, fig 27) and hkeh onlj to undeigo 
dcgeneiatne clnngc a« a icsnlt of oiei-tiain, in the othei the 'goitre' is 
degcnciatnc fioin the outset It would appeal theiefoie, that while an 
abundance of fat-solnblc Mtannns ni the diet nia\ , in cncunistances such as 
those of the piesent e\peiiment, ictualh faioni the (le\ctopment of ‘ h3"per- 
tiophic goitie’ it will di«fa\oui the de\clo]>nient of ' h mph-adenoid goitre’ 
since the functional efRcicnc\ of the glandulai epithelium is largeh dependent 
on a sufficient pioiision of these Mtainins in the food (IMcCaiiison, 1930) 

Third Expenment 

This experiment was cained out dining the months of Septembei and 
October 1930, its conditions and duiation weie the same as those m the fiist 
and second expeiimonts Twentx-foui labbits weic used, thej weie divided 
into four groups and fed as follows — 

Group XIX on law cabbage onh 

„ XX on law cabbage soaked in chlorine w'atei 

„ XXI on law cabbage plus manganese chloride 

„ XXII on law cabbage plus thvmol 

All were given distilled, dunking watei ad hbihnn 

The chlorine watei used in Gioup XX was fieshh piepaied, the raw' 
cabbage being iramciscd in it ox ei night 

The manganese chloiide was admmisteied to the animals in Gioup XXI in 
the following wa} a solution of AInCk, m the propoition of 2 giammes to the 
litre of distilled watei, was made, of this 1 cc (equal to 2 mg of A'lnCl,) was 
smeared on a cabbage leaf and piesented to each animal first thing in the 
morning when it w'as lumgix Little difficultx' was expeiienced m getting them 
to eat the medicated leax'es 

The thymol was admmisteied to the animals in Gioup XXII in the 
follow'ing way The daity dose of the chug w'as 6 grams, this amount w'as 
weighed out for each animal, and giound up into a paste w'lth a diop or tw'o 
of water It w'as then sineaied on a cabbage leaf, the medicated leax'es being 
piesented to the animals fiist thing in the moinmg Duiing the fiist few' days 
of the experiment some difficulty w as experienced m getting the animals to eat 
the thymol-smeaied leax'es, but by keeping them hungrx' until they did eat 
them this difficulty xvas graduallx' ox'eicome By this method of admmistiation 
some of the thymol w'as apt to be lost as the paste dried, and in consequence 
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ccitam animals mgc'^tod thymol than othcis But in gencial the method 
nas successful 

The icsults of this c\pei uncut aie “^et out in Table V Pliotographs 
illustiating them aic shown in Plates LXXVIII and LXXIX, fig^; 13 to 16 


TABun V 


Giving dctaih and le’iidis of the Third Eipo intent 


Group 

Diet 

Number of animal 

O 
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o 
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o- 

ps 

•w 

JS 
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- 

P. 

o 

o 

> 
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^ o 
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O CJ ^ 

£ ^ 

O 

y 

Iodine in mine 
y pel litre 

0 

a 

u 

o a 

C ® 

"fo 

S te 

— C3 
^ O’ 43 

— 

P O c* 

q"" 

gs 

1 

2 

3 

4 

6 

G 7 

8 

9 

10 

11 

XIX 

O 

U to 

2 c3 

Pisi 

-3 

CJ 

100 

110 

111 

112* 

113 

114 

F 

M 

M 

F 

F 

F 

1,555 

1,620 

1 570 

1 505 

2 275 
1,475 

1,610 

1,650 

1,210 

810 

2,080 

1,790 

365 6 
343-6 
431 C 
355 2 
2S1‘S 
497 6 

227 

208 

357 

423 

137 

278 

0*9 

0*6 

Ori 

04 

1*5 

cr7 


646 

637 

663 

652 

657 

637 

oragos 

. 

1,667 

1,530 

379r7 

272-0 

(77 

0*67 

648 

XX 


M 

M 

M 

F 

F 

F 

■ 

1400 

1,900 

1,830 

1600 

1,780 

1,380 

238-8 
399-2 
838-8 
465 2 
356*4 
414*0 

171 

210 

458 

291 

200 

300 


09 

(78 

07 

0-3 

0-4 

(74 

582 

643 

649 

634 

661 

648 

Averages 

1,667 

1,648 

452-1 

2717 

0-44 

0*58 

636 

XXI 

a o 

S-S 

^ (D S ^ 

'O 2 o 

121 1 
122 

123 

124 

125 

126 

M 

M 

M 

F 

F 

F 

1.495 

1 780 
2,140 

1 470 
1,575 
1,540 

1,400 

1,840 

2,080 

1,700 

1,650 

1675 

254 2 
220-4 
150-0 
263-2 
242 6 
172 8 

181 

120 

72 

155 

147 

103 

0*4 

09 

5-1 

12 

0-7 

IS 

0-5 

(76 

03 

0-4 

(74 

0-3 

623 

647 

662 

659 

649 

644 

Averages 

1667 

1,724 

217-2 

129-7 

17 

0-42 

647 

XXII 

fe Q> 2 

c3 ^ S 

jQ 

d 

127 

128 

129 

130 

131 

132 

M 

M 

F 

F 

F 

F 

II 

1,650 

1,660 

1,885 

1,740 

1,655 

1,600 

135 4 
406 6 
317 0 
132 4 
92-6 
259 8 

82 

245 

168 

76 

56 

162 


05 

0*9 

ore 

1*4 

2-3 

0-5 

640 

657 

648 

653 

656 

666 

Av eragps 

1,667 

1,698 

224 0 

131*5 

4. 1 

103 

653 


* Died on 50th day of e\penment 


t Killed on 43rd day of e\penment 
t Killed on 47th day of experiment 
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The statistical constants i elating to this e\pcnmeht are set out in Table VI, 
and the significance of their differences in Table YIl 

Table VI 


Shoning stahshcal constants vi the Thud Evpetiment 
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o 
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1530 

1 STOT 

t 

272-0 + 42 61 

384 

XX 

115-120 

Rav cabbage -f chlorine water 

! 1648 

1 452-1 

271 7 i 42 5 1 

38-6 

xxr 

121-126 

Raw cabbage + manganese 
chloride 

1,724 

! 

21T2 

129-7 ±16 2 

30-5 

xxn 

i 

127-132 

1 

Raw cabbage -f thjmol 

' I 698 

224 0 

131 5 ±28-5; 

1 ■ 

514 


Table YIl 

Showing the significance of the diffeiences 


TJnu erses contrasted 

Actii iJ difference , 
of 'r’ -values ! 

1 Standard 

error of 
difference 

P 

i 

Significance 

XIX versus XXI 


45 6 

12 

Sigmficant 

XIX versus XXII 

BH 

512 

2-6 

Significant 


Results of the Third Experiment 

(1) The animals in this experiment ate less cabbage than m eithei of the 
other tiio, but the a^erage daily consumption by each of the four groups was 
approximately the same The differences in the average size of the thyroid 
gland {‘r’ column 8, Table V) were not due, therefoie, to diffeiences in the 
amounts of cabbage consumed 

(2) The goitre-producing potency of the cabbage used in this experiment 
was considerably greater than that of the cabbage used in either of the other 
experiments, the mean xmlue of ‘r’ being 279, as compared with 224 and 157 
in the first and second experiment lespectix^eJv 

(3) The immersion of the raw cabbage in fiesh chlorine water did not 
alter its goitrogenic activit3'^ , the mean values of ‘ i ’ m Groups XIX and XX 
being appioximately the same 279 and 271 respective^ But the ax’^erage 
lodme-content of the gland and the axmrage urinarj'- excretion of lodme were 
somewhat less than m the labbits fed on the untieated cabbage 
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(4) Taking the mean ^alnc of ' i ’ in i\('ll-fc(l ^took iabbit‘-, of the same 
i.ingc of bofh-\voigbt as tlioso in tlic pic-'Cnl cxpeinncnt, as being 141 dining 
the autninn niontlis in C'oonooi, (lien it ni.u safeh lie a'-^iinicd that i allies of 
'i’ exceeding this figine In inoie than one-C|naitei (i e , cxiccding 176) arc 
indicntnc ol goitioiis gl.uids On (Ins ba^'i" o of the glaiuK in Gioii]) XIX 
had Aaliics of ‘ i ’ in excels of 170, Mhile 5 in Oioiip XX, 1 in Gioiip XXI, 
and 1 111 Gioiip XXIT laid lahic^ of ‘i ' in exie"-' of this fignic Theic neic 
thus 12 eases of goitie amongst the 24 annnak. oi 50 pci cent Ten of the 
goitics oeciiiicd 111 Gioipn XIX .iinl XX while onh two occiiiicfl in the 
gi Clips iccennig mang.nicse dilondc oi tin mol At po‘>t-nioi tcni examination 
these goities weie icadih iciogni/ed b\ then -i/e aiui b\ (hen glistening, iipe- 
chcstniit appeal aiKC On icmo\.d fiom (he bod\ thes lost coiisideiabh in size 
owing to diainagc of blood fioiii them Then inaiioscopual and inicioscopical 
appcaiances aio shown in Plates LXXVIIT .uid LXXIX, figs 13 to 16, 
Plate LXXXII fig 28, and Plate LXXXIV figs 33 to 36 

(5) il/ernr/finesc (hlonric cxeieiscd a significant anti-goitrogenic action, the 
mean lahic of ‘ i ’ m Gioup XXI being lesc than half ol that in Gioiip XIX 
In onh one case ('X’o 121) was the lalne of ' i ’ in excess? of 176 and then only 
to a \cn slight extent The administiation of manganese chloiidc picvented, 
to a consideiable extent, the los^; of iodine fiom tlic gland which is induced 
by the cabbage diet, theie being, on the aiei.ige, ncaih 2\ times as much iodine 
in the glands of animals lecening manganese chloiidc as in those of animals 
not icceiving it Associated with this highci content of glandiilai iodine there 
was a somewhat lowei exciction of iodine in the mine 

t6) Thymol also exeicised a significant anti-goitiogenic action, though it 
was less imifoim tlian that of manganese chloiidc The co-cflicient of vari- 
ability in the tliMoid size was 51 4 in the thymol gioiip as compaied wnth 
30 5 in the manganese gioiip Theic was onh one gland (No 128) in this 
gioiip (XXII) whose ‘i ’-value was in excess of 176, this gland was goitious, 
the othei 5 weie not It will be obseived that the iodine-content of the th 3 roid 
m this group waned wuthiii wide limits (0 4 to 11 Oy), the smallei glands 
having a high and the laigei glands a low iodine-content The mean lodme- 
content of the thjuoids w'as six times gieatei in labbits iccening thymol than 
in those not lecening it, the uiinaiy excietion of iodine was also consideiably 
highei 


Anti-Goitrogenic Action of Iodine and Thyroxine 

It wull be obseived fiom Table IV and fiom Plates LXXIII and LXXIV, 
figs 4 and 6, that the anti-goiti ogenic action of iodine wms a unifoim one 
The co-efficient of vaiiabihty in size of the tliMOid glands of animals leceivmg 
iodine (Gioups V and VII) wms low*^ avei aging 18 6, as compaied with 37 5 
in the gi oup fed on i aw' cabbage only and wuth 47 2 in the gi oup fed on steamed 
cabbage only (second expeiiment) This low co-efficient of Aaiiabihh is 
paialleled m twm othei gioups in this senes the ' ladiostoleum ’ gioup (XI 



R ]\IcCa)}7Son 


1331 


and the 'spioiited giara ’ group fXIY) m \\hicli the lespective co-efficients were 
lower still, being 17 5 and 15 7 lespectnelj’- In these tliiee groups the action 
of the substances added to the cabbage diet-iodinc, iadio=:toleuin and sprouted 
gram-Mas of like unlfollnlt^ , but iihcrcas iodine wa^ antagonistic to goitre- 
formation, radioctoleum was fa^oluablc to it and «piouted gram was neutial 
The auti-goitrogenic action of tlnioMne was less iinifoim that that of 
iodine, the co-efficient of Maiiabilitj in size of the glands of animals receiving 
tlnroMne being 28 0, as coinpaied with 18 6 in animals lecemng iodine 
Similailv, the histological featuics of the glands w'ere moie vaiiable, some 
showing an abundance of colloid fPlate LXXXIII, fig 31), otheis relatively 
little (Plate LXXXIII, fig 32) although m all (Table II) the iodine-content 
of the gland was lelatneh high, suggesting that iodine in considerable quantity 
was present in the glandulai cells This \ariableness is no doubt to be 
attributed to differences m the absoiption of thyroxine b\ diffeient individuals, 
wlieieas iodine in the foim of iodized wmtei is, piesiimably, eqiialh wmll 
absorbed b^ all 

An interesting post-inoitem finding in one of the th 3 ’'io\me-fed animals 
must be recorded This animal (No 46) died on the fol’t^ -ninth daj-- of the 
e\-periment A «eveic enteiitis was piesent, the left auricle contained a large 
fibrinous clot resistant to cutting bj- the scissois, the cardiac musculature was 
much engorged, as weic its superficial \essels The bladdei wms greatly dis- 
tended with urine which w'as found to contain no less than 2,500 y of iodine 
per litre, oi 23 times as much as that m the uime voided by animals which 
sumved the experiment 

Anti-Goitrogenic Action of Manganese Chloride 

It IS evident fiom the results of the third experiment that manganese 
chloride exercises a profound effect on the th 3 ’TOid gland In previous papers 
(McCarnson, 1928, 1929) attention was drawn to its action m preventing 
lymph-adenoid goitie, the results of the present experiment indicate that it is 
al=o capable of pi eventing the goitres induced in rabbits by a cabbage diet 
These obser\ ations lend support to the principles upon which Dr Herbert Nott 
(1925) has based Ins ' th3’TOid-manganese treatment’, they suggest that 
manganese chloride ma 3 ' haie a place in the treatment of thyroid disoiders 
From a chemical point of view the similarit 3 ’- in the anti-goitrogemc action 
of iodine and manganese chloride is not surprising Manganese and the 
halogens are in the same group in the Peiiodic Table, a certain similarit 3 ’' in 
chemical behanour is, therefore, likely to be exhibited b 3 '' iodine and 
manganese 

The post-mortem appearances of the thyroid glands of rabbits recemng 
manganese chloride were m striking contrast to those seen m rabbits not 
receiving it For wffiereas in the latter the gland was enlarged, engorged, and 
of a glistening ripe-chestnut colour, in the former it was small, pale and 
almost indistinguishable in colour fiom the pale muscles overlying it In this 
J, MB Ig 
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Explanation of Plate LXXII 

Fig 1 Thyioid glands of labbits (55 to 60) fed on the contiol, stock diet 
consisting of the law cabbage used in the second experiment 
together with glass, spiouted giain, caiiots and bian None aie 
goitrous 

„ 2 Thyioid glands of rabbits (91 to 96) fed on steamed cabbage and 
glass One is goitious 




130 2 230 0 { 216 4 168 4 




Explanation or Plate LXXIII 

Fig 3 Tlnioid gland- of inbbit- (19 to 24) fed on law cabbage onh' 
Three aie goitious 

„ 4 TliAioid gland'i of labbit- (25 to 30) fed on i.iw cabbage and iodine 
watei None aie goitious Coinpaic AA'ith Fig 3 



RAW CABBAGE + IODINE 



169 2 167 2 


Il^Xl’IAN MION 01 PlA'lL LXXIV 

Fig 5 Tlij'ioid glanch of i.ibbits (31 to 36) fed on steamed cabbage only 
Two aie goitious 

„ 6 Thyioid glands of labbits (37 to 42) fed on steamed cabbage and 
iodine watei None aie goitious Compaie \Mtli Fig 5 



STEAMED CABBAGE ONLY STEAMED CABBAGE +10D1NE 



128 2 




E\i’i\.\mion oi Plvu. ]vXXV 

Fig 7 Thjioicl glandb of labbitb (73 to 78) led on steamed cabbage and 
canots Two glands (m the middle low) aie slightly enlaigecl 
„ 8 Thyioid glands ot labbits (85 to 90) led on steamed cabbage and 
bian Foui ol these glands aic goitious 



Plape LXXV 



169 6 128 6 306 0 




ExpLvxmoN 01 I’l.vTi LXXVI 

Fig 9 Th3iOKl glands of labbit's (49 to 54) fod on steamed cabbage which 
wa'^ soaked overnight in fiech chloiine vatei Tvo of these 
glands aie «hghth enlaigcd 

„ 10 Thjnoid glands of labbits (61 to 66) fed on steamed cabbage vhich 
vas soaked o^cl night in a solution of ^odunn chloiidc Thiee of 
these glands aie goiti oil's 
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Explanation or Plate LXXVII 

Fig 11 Thyroid glands of rabbits (67 to 72) fed on steamed cabbage and 
radiostoleuin Five aie goitious 

,, 12 Thyioid glands of labbits (43, 44, 45, 47 and 48) fed on steamed 
cabbage and tli 3 no\ine None aie goitrous 



STEAMED CABBAGE +HAD10ST0L,EUM | STEAMED CABBAGE +THYR0X1NE 



Fig 11 12 




E\i>i.\nmiox oi Pi ML LXXVIII 

Fig 13 Th-^ioicl glands of labbils (109, 110, 111, 113 and 114) fed on raw 
cabbage onl> (3id c\peinncnt) Foin aic goitrous 
„ 14 Tlijnoid glands of labbits (116 to 120) fed on law cabbage (3rd 
cxpeiiraent) \\lnch \\.is soaked m chlonnc wntei ovei night All 
aic goitioiis 



IIIAXXT: 



Fig 13 -Fig 14 




E^.l’L^^vllo^ 01 PiAii: LXXIX 

Fig 15 Thjaoid glands of labbits (127 lo 132) fed on ra^\ cabbage (3id 
expeinucnt) and gnen G giains (appio\ ) of th5nnol dail)' One 
IS goitioiis Coinpaie iMth Fig 13 

„ 16 Thyroid glands of labbits (122 to 126) fed on raw cabbage (3rd 
expeiimcnt) and gnen 2 ing of manganese chloiide daily 
None aic goitioiis Compaie with Fig 13 


RAW CABBAGE + MANGANESE 



17S 8 



Exri. v\ \i lox 01 Pl m n LXXX 

Figs 17 and 18 Section'^ of 7\on-qoi(iou‘i tliMOuE of labbits (15 and 18) fed 
on the contiol, <^took diet (1st c\pcinnent) These sho^^ the t^o 
e\'tieme«: of histological «tiuctiiic met amIIi m the non-goitrous 
thyioids of «;tock labbits m Coonooi 

Fig 19 Section of goittous tliMoid of labbit (7) fed on law cabbage (1st 
e\peiiincnt) 

„ 20 Section of goUtoii^ tlnioid of labbit (4) fed on ^tcaincd cabbage 
(1st expciiincnt) Note gioat cngoigcincnt and absence of 
colloid 



Plmi LXXX 



r,r, 17 Fjg 18 




Explanation oi Platl LXXXT 

Fig 21 Section of non-qoUi oxts HimokI of labbit foS) feel on uie toiitiol, 
stock diet ii^ed in the 'second expeinnent 
„ 22 Section of non-qoili oxis tlnioid of labbit (59) fed on the control, 
«;tock diet u'cd in the '^cconel expeinnent 
„ 23 Section of goilious tlnioid of i.ibbit (32) fed on steamed cabbage 
2nd expeinnent 

„ 24 Section of ixon-goitxoiis tlnioid of labbit (33) fed on steamed cabbage 
2nd expeinnent 



Pl/WE LXXXI 



Fip 21 




Fig 22 




E\l‘L^^v^IO^’ 01 Pi \in LXXXII 

Fig 25 Section of (joxfioiis tlnioid of labbit ((>3) fed on steamed cabbage 
which ^^as soaked in a solution of ■-oduiin chloiide o\ernight 
2nd expeiiincnt 

„ 2G Section of non-qo^ti ous tlnioid of i.ibbit (.52) fed on steamed cabbage 
winch was ‘^oaked in chloimc watei o\ei night 2nd cxpciiraent 
Note washed out appeaiancc of the cells 
, 27 Section of cjoilwus tlnioid of labbit (71) fed on steamed cabbage 
(2nd expeiiment) and gi\en one diop of ladiostolcum dailv 
, 28 Section of non-goitious thvioid of labbit (113) fed on law' cabbage 
(3id e\])eiiinent) "J'he othei five animals in this gioup w’eie 
goitious and thou tliMouK pie^aited (he appeaiances seen in 
Figs 19 and 20 








E\'Pi \xvaiON 01 Pfati liXXXIII 

Figs 29 nnd 30 ^c'dioiis ol )io)i-(ioit i ous (IaiokF of i ihhit^ 120 uul 29) fed 
on law eabbage and iodine watei f2nd expea iinent) Note that 
tlieic I'' no tondoncN (o the acciiimilalion of colloid in the gland, 
the tondcncx being in the oj)po«itc diiection 
„ 31 and 32 Scetioii': of non-gorho}i^ tliMoids of labbits (47 and 48) fed 
on «!teained cabbage (2nd exjienment) and gnen tlnioxine tw'ice 
a w'eek The«e icpicsenl the two exlieine'? of histological struc- 
tnie seen in animals lecening tliMoxinc 


Pl\il LXXXIII 



lij: 29 




Fip 30 



Fig 31 


Fig 32 
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Gilgit, wheie the senioi authoi’s oiigmal studies of endemic goitie and 
cretinism (McCanison, 1906) weie earned out, is situated in the extierae 
north of Himalayan India and due south of the Little Pamir In 1927 an 
account was given of the lodme-content of its soils (McOairison et al , 1927) 
It was found that, while they weie invariably low in iodine, goitie was not 
always endemic, oi if endemic not maikedly prevalent, in villages whose soils 
were as low in iodine as those of others wheiein endemic goitre and its sequelae 
(cietimsm, deaf-mutism and idiocy) prevailed wuth great intensity 

The purpose of the present papei is to lecoid the results of an investiga- 
tion of the iodine-content of the uiine of goitrous and non-goitrous peisons 
resident in this locality The published reports of investigations of this kind 
have usually dealt, not with a comparison of the lodine-metabohsm-of which 
the uiinaiy excretion of iodine is a simple ciiteiion-in goitious and non- 
goitrous peisons living in the same locality, but with that of peisons living in 
normal and m goitre areas It appeared to us that more valuable information 
imght be gained by contrasting goitrous and non-goitrous residents of the same 
locality with one another, for, if the level of lodme-metabolism be low in 

( 1335 ) 
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both, as it IS in Gilgit, oi ,higli in both as it i‘^ in Danzig (Lick, 1927) then 
theie must be some facloi oi factois othei tlian iodine ^^lnc]l determine the 
occurience of goitie in 'jome ic'^idcnt'; ulnlo nthcii icmain fiee fiom it 

Material 

The samples of mine ucic obtained with the co-opeiation of Mnjoi J C 
Pj^pei, IMS, Agenev Suigcon, Gilgit, and his statT, to wliom w'e are much 
indebted They w'ere collected dining the late spring and carl) summer 
months, and it must hcic be emphasircfl that oui results deal onlj wuth that 
season 

The samples w'cic sent to Coonooi b^ post, each being contained in a 
6-ounce bottle to which 1 5 giammcs of ])otassunn caibonate had been added 
The Joulne^ by post fiom Gilgit to Coonooi take- aiipioximatch 23 da3's 
Oui fiist concern was, theicfoic, to dctcinune wlicthcr am loss of iodine 
occuiied in the samples dining tiansit To tin-' end thice specimens of urine, 
obtained fiom membeis of the Laboiatoiy Stafl, wcic ticatcd m a way similar 
to that of the samples fiom Gilgit thc\ woic put up in bottles containing the 
same amount of potassium caibonate and allowed to stand foi 23 da^s, then 
iodine-content was then dctci mined at intenals dining this peiiod The 
following weic the icsults — 



1 

Dntc of 
examination 

Age of 
mine ] 

daj s 1 

Volume of 
urine c c 

Iodine found 

y 

Iodine per 
litre 

y 

1 

Sample G S — 

30-G-30 

1 

1 1 

' 100 

70 

70 


12-7-30 1 

13 

25 

1*5 

60 

i 

1 

22-7-30 1 

1 23 

! 25 

1 75 

70 

Sample S S — 

30-6-30 

1 

’ ' i 

i ; 

ro 

70 


12-7-30 

1 

13 

25 i 

1 18 

1 

72 


22-7-30 

23 

25 

175 

70 

Sample SI — 

14-7-30 

1 

50 

15 

30 


14-7-30 

1 1 

50 

13 

26 


14-7-30 

1 

50 

1*5 

30 


22-7-30 

i 9 

50 

1*3 

26 


28-7-30 

i 

14 

50 j 

15 

30 


28-7-30 

14 

50 

13 

26 

- 

28-7-30 

14 

50 

13 

26 


31-7-30 

18 

1 

50 

13 

26 
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From these results it is seen that the uimary excietion of iodine by three 
noimal persons in Coonoor, where tiue endemic goitre is conspicuous by its 
absence, lay between 26 and 72 y pei litie The results also show that no 
loss of iodine occurs in urine standing m contact with potassium carbonate for 
23 dajs It maj’’, theiefore, be safely concluded that the Gilgit urines did not 
lose iodine m their tiansit to Coonooi 

Method of lodine-Determmation 

Von Fellenbeig’s coloiimetiic method of lodme-estimation was employed 
It lias conti oiled by adding various amounts of iodine to normal mines, and 
then estimating then lodme-contents The lesiilts of these tests were as 
follows — 



In mew of the minute quantities of iodine that had to be estimated the 
amount of added iodine recovered can be said to be satisfactory 


It will be seen from Tables I and II that the Gilgit urines, whether from 
non-goitious oi from goitrous persons, weie in general very low m iodine, in 
consequence, most of the 6-ounce samples had to be used for the first estima- 
tion and little remained over for a second Accordingly, what was left over 
from urines found to contain fiom 5 to 8 y of iodine per htre was pooled, 
similarly, with those containing less than 5 y per litie Estimations of the 
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iodine-content of the pooled 'samples woic then made as well as of the amount 
of added iodine iccovciablc fiom them The follm\nig i\cic the results — 

1 Fifty c c mine gn\c 0 2 y iodine, thcic ought to have been 0 3 y. 

2 Fifty cc uiinc ga-\c 0 3 y iodine, thcic ought to have been 0 3 y 

3 Fifty c c plus 1 0 y added iodine gave 1 0 y there ought to have 

been 1 25 y , amount of added iodine iccovcicd was 75 per cent 

4 Fifty c c plus 0 0 y iodine added gave 0 3 y there ought to have 

been 0 3 y. 

5 Fifty c c plus 1 0 y iodine added gaA c 1 0 y there ought to have 

been 1 3 y, amount of added iodine rcco\eicd vas 70 per cent 
It IS thus seen that, vithm the eiioi of estimation, duplicate analyses 
agieed, and the lecovciy of added iodine was quite satisfactory 


Table I 

lodnw-contont o/ the ionic of goiboxis posoiis in Gtlgd 


Numbci 

j 

Sc\ [ 

\ 

1 

Af;c 

brim taken foi ^ 
estimation c c 

Iodine found 

7 

Iodine per litre 

y 

1 


40 

100 

0*6 

c-o 

2 

M 

13 

1 

02 

0r4 ! 

1 

6*3 

3 

M 

44 

100 

ac 

60 

4 

U 

, { 

IG 

100 

0-8 

s -0 

5 

M 

IS 

i 100 1 

06 

60 

6 1 

M 

IS 

100 ( 

06 

60 

7 

M 

23 

j 

100 

06 

! 60 

8 

M 

1 

22 

100 

10 

10*0 

9 

M 

12 

100 i 

06 

6*0 

10 

M 

9 

100 

0*1 

40 

11 

M 

12 

100 

0-6 

60 

12 

M 

10 

100 

0-4 

40 

13 

M 

10 

100 

0*8 

8-0 

14 

M 

5 

100 

0*4 

40 

15 

M 

13 

100 

0-4 

40 

16 

M 

5 

82 

0-6 

rs 

17 

M 

4 

100 

04 

4*0 

18 

M 

24 

64 

04 

6-3 
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T\ble I — concld 

lodme-rontent oj the wine of goiUoxn, peisons in Gilgit 


Number 

Sc\ 

App 

i 

Lune taken foi 
e-'tiiiaation c c | 

Iodine (found 

'/ 1 

1 

Iodine per litre 

y 

19 

M 

36 

75 1 

\ 

2-0 

27-0 

20 

M 

45 

100 

04 

40 

21 


22 

100 

0-6 

60 

22 


22 

100 

0 -s 

8-0 

23 


! SO 

100 

0-6 

6-0 

24 

1 

I 60 

97 

10 

10-0 

25 


2S 

100 

ore 

6-0 

26 


43 

100 

' 0-6 

6-0 

27 ; 


35 

100 

ore 

6-0 

28 

F 

n 

100 

0-6 

1 

6-0 

29 

P 

8 

100 

0-8 1 

8-0 

30 

P 

5 

100 

©■e 

6-0 

31 

P 

10 

100 

06 

6-0 

32 

F 

10 

100 

0-4 

40 

33 

F 

11 

100 

0-4 

40 

34 

F 

16 

100 

(18 

8-0 

35 

P 

30 

40 

08 

18-0 

36 

F 

1 

! 

5 

■ 

60 

0-6 

10-0 


Table II 

Iodine-content of the unne of non-goitrous peisons in Gilgit 


Number 

Sex 

Age 

Urine taken for 
estimation c c 

i 

Iodine found 

V 

lodme per litre 

y 

1 

M 

21 

85 

0*6 

T1 

2 

M 

22 

100 

0*6 

610 

3 

M 

22 

68 

0-4 

59 

4 

M 

9 

83 

0^4 

48 

5 

M 

10 

100 

o-e 

60 
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Tabu. II — < 07 icl(I 


Io(linc~( on(c)i( of tiu iniui of non-<joxt) ous /)ci.'>o»s xn Gihjit 


Nunibci 

.Sc\ 

1 

An( 

I'linc hikfti foi 
(stiiimtion cc 

Iodine /omul 

7 

[ 

Iodine per litre 

7 

G 


10 

100 

0-6 

60 

7 

M 

50 

55 

0-3 

55 

8 

M 

20 

SO 

08 

9-3 

9 

M 

50 

55 

1*2 

22r0 

10 

M 

1 

51 

0-5 

lO'O 

11 

M 

5 

92 

06 

05 

12 

M 

5 

90 

06 

06 

13 

M 

16 ' 

100 

01 

40 

14 

M 

19 

100 

06 

60 

15 

M 

40 

100 

06 

6'0 

16 

M 

35 

43 

1*5 

340 

17 

M 

45 

91 

05 

55 

18 

M 

11 

100 

0*3 

3-0 

19 

F 

17 

93 

1 0 

no 

20 

F 

18 

78 

12 

150 

21 

F 

20 i 

76 

i 01 

1 

53 

22 

F 

35 

78 

06 

K ►t 

1 4 4 

23 

F 

27 

' 100 

12 

12-0 

24 

F 

16 ' 

' ] 

! ''' 

08 

lOO 

25 

F 

34 

i 100 

0*6 

6t) 

26 

F 

42 

100 

IS 

18-0 

27 1 

' F 

6 

92 

04 

44 

28 

F 

4 

89 

12 

13 5 

29 

F 

5 

50 

02 

40 

30 

F 

4 

97 

1 

1 0 

100 

31 

F 

7 

100 

08 

s-o 

32 

F 

26 

86 

1*0 

12*0 

33 

F 

1 

4 

94 

2*0 

22-0 
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Results of the Analyses 

The results of the annh^cs aic *501 out in Table'; I and II together with 
the age and sex of the ■'ubjccts fiom ■whom the mines weie obtained 
Altogethei 69 specimens wcic examined, of which 36 wcie from goitious and 
33 fiom non-goitioiis peisoii'- Among'st the goitious subjects theie weie 20 
males aged between 4 and 45 ^cals and 16 females aged between 5 and 60 
jeais Amongst the non-goitiou'; subjects tlieic weie 18 males aged betw'een 
4 and 50 aeais and 15 fcmiles aged between 4 and 42 yeais 

It will be noted fioin a study of Tables I and II that the mmaiy excretion 
of iodine both bj goitious and b^ non-goitrous lesidents in Gilgit is in general 
\erv low dining the late spimg and caih summei months, an observation in 
confoinnti with the unusualh low iodine-content of the Gilgit soils 
(]\IcCaiiison, et al 1927) At this season of the \car the lodine-metabohsm of 
the people is m geneial at i low level, and it is at this season also that goitre 
IS most hkeh to arise fjMcCaiii''On, 1906) It will be obseived, how'evei, that 
although the urinan cxciction of iodine b^ goitious individuals maj^ be as 
low as 4 to 6 7 pel htie it ma^ be at an eqiiallj low level m othei individuals 
who aie not goitious Fuithei, it luaj be as high as 27yin a goitrous indivi- 
dual and jet be low^ei than this figuie in 97 pei cent of the non-goitrous 
pel sons examined 

Before dealing with the significance of the diffeiences m the urinaiy 
excietion of iodine in goitious and non-goitrous subjects it will be of interest 
to compaie the lesults set out in Tables I and II wath those reported from 
othei parts of the woild This compaiison is afforded m Table III 

An examjnation of this Table shows that the urinaiy excretion of iodine 
by peisons resident in goitious localities in Swatzeiland is half as much again 
as by non-goitrous persons m Gilgit, in New Zealand it is twuce as much, m 
Norway foui times as much, while in Danzig it is 25 times as much In short 
‘goitie’ may occur both in legions wdieie the level of lodme-metabohsm of 
the inhabitants is low' as well as in others wdieie it is relatively high, whether 
01 not it IS the same type of ‘ goitie’ is another mattei It will be noted also 
that in some non-goitrous peiaons m New' Zealand the urinary excretion of 
iodine may be as low as in some others w'ho are goitrous, while it may be 
higher in the latter than in all non-goitious peisons m Gilgit as w'ell as in 
certain non-goitious persons m Sw'itzerland and Italy It is obvious, therefore, 
that low' levels of lodine-metabohsm-even very low' levels-aie not always 
associated w'lth goitie, while high levels do not always signify freedom from it 
If, therefore, lodine-deficiency is to be regarded as an essential cause of 
goitre, the degree of deficiency necessaij' for its production vanes greatly in 
different parts of the w'orld and m different individuals m the same locahty, 
fuithei, the deficiency must be relative to other factors which are the true 
goitiogemc agents In om experience in animals a urinary excretion of iodine 
of such 1 datively high lange as 75 (New Zealand) to 140 y (Norway) per litre 
(Tabic IV) IS incompatible w'lth the occurrence of pure hyperplastic goitie in 
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' Tabm: III 


Shoinini (he dmly inuimi} enaction of iodine (in y) 


Loc'rht^ 

Nimibei 01 
pel 5011'! 

Nokmai 

[ Ann A 

i 

Goitre 

AREA 

K mge 1 

\rfrago 

Range 

Average 


1 

1 

7 

r)3 to 101 

j 01 

i 

i 

Switzerland 


11 



4 to 29 

19 



^ 12 


1 

1 5 to 2S 

17 

Ilalv 


S 

30 to 140 

72 


1 


1 

f 


173 



NonvTi 

J 

1 






1 

[ o3 

J 


G to 140 

53-7 


f “D* 

11 to 3S1 

10 ’ 



New Zealand 

f 

1 





1 27 7 



5 to 75 

250 

Danzig 


5 



200 to 590 

343-0 


1 

[ 33 

(non-goitrous j 

7C1 «ons) 

4-5 to 51 

13-7 1 

Gilgit 


1 3G 

(goitrous persons) 

G to i(fo 

1 

10-Si 


* Non-goitrous persons 
t Goitious persons 

t Calculated from the lodmc-couteut pci litic (Tables I and ID on the assumption that 
the average individual excretes 1 5 litics of urine iior day 

labbits though not incompatible nith the occuiicncc of lymph-adenoid goiUe 
in lats, the lattci type of goitic not being iclatcd in its oiigin to lodme- 
deficiency (McCaxiison, 1927) 

Significance of the Differences Revealed by the Analyses. 

It has been noted from Tables I and II that nhile the niinaiy excietion 
of iodine by people in Gilgit is in gencial veiy Ion, it is somewhat lowei in 
goitious than in non-goitious peisons It lemaiiis now to considei the signi- 
ficance of this diffeience 

The data, set out in Tables I and II, wcie submitted tb Piofessoi K B 
INIadhava, foi statistical sciutinj The lesults of his examination aie sum- 
maiized in Table IV, whciein he has contiastcd thiitcen pans of univeises 

It will be obseived fiom Table IV that although in all contiasted uiiiveises, 
except the pan nunibeied II, goitious individuals excietc less iodine than non- 
goitious, the diffeience is m no case definitely significant Even in the univeises 
numbeied lespectively IX and X the significance is ‘ doubtful' in the one and 
‘very doubtful’ in the othei , Piofessoi Madhava legaiding the diffeience in 
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Table IV 


Shotvwq the siqmficance of the difjeiences in mean value of y in the univeises 

conti asted 


Unn cr=os i 

contrasted 

Mean 7 in (1) 
minus 

mean, y in (2) 

P 

(Per cent) 

Significance 

(1) 

(2) 

(3) 

C , 

(4) 

(5) 

I Goitrous males 
aged 1 to 10 

Non-goitrous males | 

aged 1 to 10 

— 1 4333 

1 

1 

20 

Not sign Scant 

n Goitrous males 
aged 11 to 20 

Non-goilrous males 

aged 11 to 20 

4-0 4250 

1 

80 

Do 

ni Goitrous males 
aged 21 to 40 

Non-goitroiis males 

aged 21 to 40 

— 0-7400 1 

90 

1 

Do 

W Goitious males 
aged 41 to 50 

Non-goitioiis males 

aged 41 to 50 i 

— 5 5472 

35 

Do 

Y Goitrous females 
aged 1 to 10 

Non-goitrous females 
aged 1 to 10 

— 3 5167 

25 

Do 

VI Goitrous females 
aged 11 to 30 

Non-goitrous females 
aged 11 to 30 

— 2'S404 

20 

Do 

Vn Goitrous females 
aged 31 to 50 

Non-goitrous females 
aged 31 to 50 

— 3 5667 

40 

Do 

ITII Goitrous males 

Non-goitrous males 

— 1 6217 

45 

Do 

DC Goitrous females 

Non-goitrous females 

-3-1995 

5 

Doubtful more 
probabh not 
significant 

X Goitrous }3oth 

se'tes 

Non-KOitroii'J both 

^e\os 

— 2-3435 

81 

Very doubtful 
most probab- 
ly not signi- 
ficant 

XI Goitrous males 

Goitrous females 

— 0-4488 

75 

NOT SIGNI- 
FICANT 

XII Non- goitrous 
males 

Non-goitrous females 

— 2-0267 

36 

Do 

Xm Males 

Females 

— 1 4919 

24 

Do 


the foimer pair (IX) as ‘ more piobably not significant’ and that in the iattei 
as ‘ most piobably not significant ’ His conclusion is as follows — 

'While the data reveal no incontrovertible association between 


the occurrence of goitre and the urinary evcietion of iodine, it is 
possible that such association may evist in females (IX and X, 
Table IV) , this possibility is, however, remote But if it does exist 
it IS femininity that determines it, there being definitely no such 
association in males/ 
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U)i}icm/ Erciciion of lodmc. 


Hcic '\^c ina-s diaw attention to tlncc point's ^\hlch appeal to us to be of 
impoitancc in conncMon with iiuc'stigat ion's of tin's kmd (1) Comparison 
should be in'stitiited not between pei-oii'’ Ining in ‘normal’ and in ‘goitre’ 
aieas, but between goitrous and nonTgoitious ]iei‘-ons Ining in the same goitre 
aica (2) Caic ha's to be taken that the ‘'Ubjects fioin wliom tlic ‘samples aie 
obtained ha\o not had acec's's to the hou'sehold icnicd\ iodine In oui own 
senes theie wcic two which Molded 'surpi I'^ingK high figuicss, on fiirthoi 
inquiiv thesse weie found to haie been olitaincd fioni non-goitiom women who 
liad iodine application-' to wound'- on then leg-, the inchission of thc'so two 
'samples would haie Mtiated oui le-ult- (31 The nuiubei of uimos: examined 
should be as laigc as possil)lo and (he le-'Ult-- -liould lie submitted to statistical 
sciutim , otheiwi-c conclusions max be diawn which aie not justifiable Tims 
in almost all contiasted unnei-'es ni oui sone- (Table IV) goitioiis mdnidual« 
excieted less iodine m the iiiiiie than non-goitiou--, but in no instance was this 
diffeience found, on statistical spmtnn to be definiteK significant 

Diet. 

It IS obvious from the amount of iodine excieted in the iiiine that the diet 
of the Gilgitis whose mine was examined was \eix low m this substance 
Each sample submitted to us had an accompaining note -tating the gencial com- 
position of the diet of the peison fiom whom the '•ample was obtained The 
food was not essentially difteient m goitioiis and m non-goitioiis subjects It 
was wdiolly vegetarian m all eases but tliiee, two of the tliicc included meat 
in then dietaries, the thud included milk m his The basis of the diet was( 
maize and wdieat, only 3 out of the 69 used bailev and onlv one used iice 
Six used legumes and of these 3 weie goitioiis and 3 weie not Vegetables are 
spaisely grown m Cilgit and wmie spaieh eaten bx the subjects of this inquiry 
Then drmkmg-wxatei wms that flowung thioiigh the iiiigation channels, it is 
giosslx" polluted 

This dietaix has thiee conspieuou'- faults (1) lack of suitable piotem, 
(2) deficiency of fat-soluble xitanims and of xutamm C, and, (3) deficiency of 
iodine This combination of fault s-as showm m a iccent papci from this 
laboiatoix’" (McCaiiison, 1930)— is definitelx' fax oui able to the dex^elopment 
of goitres of a degeneiative type The functional efficiency of the tlmoid 
gland appeals to depend in consideiablc mcasuie on the adequate pioxusion of 
fat-soluble xutamins m the diet (McCaiiison, 1930) But since the food eaten 
by the non-goitrous subjects appealed to be ns faultx’' m these legaids as that 
eaten by goitious peisons the conclusion wmuld seem to be justified that some 
agent othei than dietetic ones wms lesponsiblc foi the occuiience of the disease 

Conclusions 

1 The uiinarx'' excietion of iodine bx'^ non-goiti ous as well as by goitious 
persons resident in Gilgit is, m geneial, yeiy low during the late spring and 
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early summer months This observation is in conformity with the low iodine- 
content of the Gilgit soils 

2 The data reveal no incontroveitiblc association between the urinary 
excretion of iodine and the occurrence of goitre It is possible, though the 
possibility IS remote, that such a'^cociation mav be present in females, there is 
definitelv none in males 
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Introduction 

During a recent malaria survey of some tea gardens near Mariam in the. 
Sibsagar district of Assam the opportunity was taken to measure the spleens 
of a large number of children by Christophers’ (1924) method, and to take 
blood films from as many children as possible, using Sinton’s (1924) fowl cell 
dilution method to count the number of parasites present, in the hope of 
throwing some light on the relation between the spleen and parasite rates, on 
the cause of the variations in the size of the spleen, and on allied problems 
The district in which the survey was made is some ten to twenty miles 
south of Jorhat, near the foot of the Naga Hills and about 350 feet above 
sea level, the climate is extremely moist, the average annual rainfall being 
82 inches, which falls chiefly between April and October, coinciding with the 
hot weather, during the whole of which transmission of malaria is possible 

{ 1347 ) 19 
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In order to avoid confusion of the results, all children not born on the 
estate on vrhich they vere examined and who had been resident for less than 
two 3 ears have been omitted from all tables in this papei , those not born on 
the estate but who had been resident for more than two years have had their 
age counted fiom the date of then ariival on the estate in all age analyses 
Their numbers are small, so that even if they aie thus put into an age group 
with which the}’^ are not strictly comparable, the error intioduced will be 
slight 

Of the total 338 infections found, 241, oi 71 pei cent were with P falciparum, 
9 or 3 per cent with mixed P falcipaiuni and P vivax, 68 or 20 per cent with 
P vwax and 20 or 6 per cent with P malaiicc As the majority of infections 
were with one species of parasite, and tlie others show'ed no special distribution 
as regards age oi association wuth enlarged spleens, and as it is impossible to 
distinguish between enlargement of the spleen due to one species of parasite 
from that due to another, the species of parasite has been ignored in this paper 
and ‘ infections ’ onty considered 

The var 3 ung seveiit 3 ’' of malaria in these lines depends on the varying 
proximit}’’ of the breeding places of the dangerous anophehnes, and not on 
climatic differences altering the length of the transmission peiiod It is there- 
fore thought that they are eminentl}' suitable for comparison with one another 
and that any deductions drawn from them may be applied to areas in which 
there is an equall}^ long transmission period, and in which the malaria is more 
or less static it is probable that some modification might be needed before 
they could be applied to wndely differing areas such as the Punjab, in which 
there are rare and very short periods of intensive malaria, followed by long 
periods of qmescence 

The belation between the spleen and pabasite bates 

In Table II the spleen and parasite rates of the different series are set 
out, the percentages given here differ slightly from those given elsewhere 
because in calculating the spleen rate only those children m whom the blood 
was examined were included 

Table II 


Showing the relation between the spleen and parasite rates 


Senes 

1 

Spleen rate 
Per cent j 

Parasite rate 
Per cent 

Parasite rate 
amongst those 
with, enlarged 
spleens 

Per cent 

Parasite rate 
amongst those 
with negative 
spleens 

Per cent 

0\er 75 per cent 

83 

56 

58 

52 

50-75 

65 

47 

51 

38 

25-50 

40 

42 

58 

32 

Under 25 „ 

14 

16 

55 

10 
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It ^\ill be noted that the relation bct\\ecn the t\\o rates is much the same 
as IS usually found, and in paiticular that (!) in the areas v-ith a high spleen 
rate the parasite rate is lowci than the ‘spleen rate, while in areas wuth a low 
spleen late the parasite into is as high as or higher than the spleen rate; 
(2) the paiasite rate among those with enlarged spleens lemains practically 
constant between 50 and 00 jier cent, (3) the parasite rate among those without 
enlaiged spleens shows marked variations, ^ar>mg directly with the spleen 
late 

The explanation of the i elation between these two rates, and particularly 
of the points set out abo\e has nc\ci been clcarh gi\cn The presence of 
infection, as indicated In the parasite rate, being the direct cause of the spleen 
rate, one would expect some direct i elation to exist between them, the parasite 
rate being eithei constanth higher than the spleen rate, or at any rate main- 
taining a constant i elation to it 

Schuffner (1920) beheics that such a constant i elation exists, and that the 
great majonty of childicn infected with malaria ha\c an enlarged spleen, which 
can be palpated if the examiner is sufiiciently careful, as it by no means 
alwmys reaches the costal margin It has been pointed out by Christophers 
(1929) and has been noted by c\cr\ one taking caicful measurements of a large 
senes of spleens, that the enlaiged spleen has a definite modal 'size which, 
however low' the spleen rate, invariablv lies some 3 cm or more below the 
costal margin If, then, SchulYner’s explanation is correct, there must be a 
second modal distiibution, some centiineties above the costal margin, and 
entiiely distinct from the noimal mode This may explain the relation 
between the spleen and the pniasitc lates, but it leaves unexplained the 
behaviour of those spleens which project below the costal margin, centre round 
the usual mode, and form what is usually knowm as the spleen rate In 
addition to this mam explanation Schtiffncr also postulates that cases of para- 
sitsemia may occui without enlaigemcnt of the spleen in very early cases, in 
cases of acute cachexia, and after the use of quinine, although these doubtless 
do occur they will be insufficient in number in such an area as that here dealt 
with to affect the total lesult to any marked degi’ee 

In trying to find an explanation of this pioblem tw'o points deserve con- 
sideration, firstly, on examination of a series of blood films, even by the thick 
film method, only some 60 per cent of infections are discovered The author, 
woiking in an equally endemic area (AVest Afiica), has made three senes of 
‘ intensive examinations,’ taking a number of children, examining their spleens, 
temperatures, and bloods, and re-examining those found to have negative blood 
films on each of the next six days The results of these examinations, set out 
m Table III, show that only 55 to 70 per cent of the infections eventually found 
were discovered on the first examination, although series 2 and 3 w'ere examined 
by the thick film method 

It IS reasonable to assume that in areas of static endemicity such as that 
in which the Assam senes of examinations were made, all those children with 
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Table III 


Showing the results oj seven successive examinations of three senes of West 

African childien 


Series 

Spleen rate 

Per cent 

Parasite rate on 
first examination 
Per cent 

1 

Parasite rate after 
all examinations 
Pei cent 

Percentage of 

parasites found on 
on first examina- 
tion 

Intensne 1 

48 

48 

85 

56 

2 

56 

48 

80 1 

59 

„ 3 

78 

1 

67 

94 

71 


enlarged spleens are infected with malaria, and as in these series the parasite 
rate m those with enlarged spleens icmains practically constant at about 55 
per cent, it is probable that this serves as a criterion of the proportion of 
infections which are being found at a single exammatiorl In the West African 
intensive senes the two values are very close to one another, the actual figures 
being set out in Table IV 

Table IV 

Showing the relation between the parasite rate in those with 
enlarged spleens, and the percentage of infections 
found at a single examination 


1 

Senes 1 

1 

1 

1 

Parasite rate in those 
with enlarged spleens 
Per cent 

Percentage of parasites 
found on first examina- 
tion 

Intensive 1 

63 

1 

1 56 

» 2 

53 

59 

1 

Q ! 

n ^ i 

1 

73 

71 

1 

1 


From this evidence it may be concluded that only a fraction of the actual 
infections are found on a single examination, and that the parasite rate among 
those with'enlarged spleens is a useful criterion of the percentage of infections 
which are being discovered Therefore to obtain an idea of the true infection 
rate the parasite rate should be multiplied by a factor based on this If this 
IS done an infection rate is found which is, of course, higher than the spleen 
rate, but still bears no constant relationship to it 

The second important point bearing on this matter is the method of pro- 
duction of a parasite rate, or spleen rate, this was elaborated by Christophers 
(1915) m connection with his splen theory, who pointed out that if 100 infec- 
tions were spread completely at random amongst 100 people, it is extremely 
unlikely that each person would get a single infection, the probable result being 
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Table V 

Shoicnig the ‘tine injccfwi} Kite’ in (he A^^am series 


Senes 

r ir»‘-itc rale 
(p) 

Per coni 

Pai I'sito r.ilc 
!inu>n{;st Iho^c 
Willi f'plocns 

P< r Cl nl 

True infection 
rate 

Per cent 

0\cr 75 per cent 

50 

5S 

97 

50-75 

47 

51 

92 

25-50 

42 

5S 

72 

Under 25 „ 

16 

53 

1 

29 


Table Y1 

Showing the infection rate i entiling fiom the dislnbitiion of a hnown ninnher 

of infections amongst 100 persons 


Number of infec- 
tions distributed 
n 

Infection rate 
result inp 

Per cent 

Number of infec- 
tions distributed 

71 ! 

Infection rate 
resulting 

Per cent 

10 

9 

j 

170 

82 

20 

18 

ISO 

84 

30 

26 

190 

85 

40 

33 

200 

87 

50 

1 

39 

220 

89 

60 

45 

1 

210 

91 

70 

51 

260 

93 

80 

55 

280 

94 

90 

60 

300 

95 

100 

63 

320 

96 

110 

67 

340 

97 

120 

70 

360 

97 

130 

73 

380 

98 

140 

76 

400 

98 

150 

78 

420 

985 

160 * 

80 
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that some ■nould escape infection, some would get a single infection, some 
would be twnce infected, a few' three times, etc The actual piobable distri- 
bution follows definite mathematical laws, the numbei getting 0, 1, 2, 3, etc, 
infections following the fiist, second, thud, fouith, etc, terms of the binomial 

expansion of ~t) + 1 1 where N equals the number of persons m the 

Nn-l 

population and n equals the number of infections distributed In the example 
cited, where 100 infections were distributed completely at landom between 100 
persons, 37 would escape infection, 37 w'ould get one infection, 18 would get 
two, 6 would get three, the distiibution of the remaindei being uncertain, the 
infection rate would be 63 per cent Sirailail;^ exeiy infection rate, if fairly 
high, is due to the distribution of a much laigei numbei of infections Table 
AT, which show's the infection rate produced by the distiibution of a given 
number of infections amongst 100 pci sons, is a leproduction of a part of one 
of Cliristophcis’ tables 

If, now, instead of dealing with the lelationship between the spleen and 
parasite rates, we deal with the i elation betw'een the numbei of infections 
required to produce the true infection rate (called henceforward ‘ infection n ’) 
and the number of siileens that would hare to be distiibuted to produce the 
spleen rate (called ‘spleen n’), wc find that these bear a fairly constant direct 
linear relation to each otliei, the lattei being about 40 to 50 per cent of the 
former In Table VII these figures aic set out for the Assam senes, and also 

T.VBLE VII 


Showing the lelationslnp behveen the mnnbei of infections lequned to pi oduce 
the true infection i ate {infection n) , and the numbei of spleens to produce 
the spleen rate {spleen n) 


Senes 


Spleen 

rate 

Spleen 

n 

Parasite rate 
in those with 
spleens 

(x) 

Parasitei 

rate 

(P) 

True infec- 
tion rate 

, 100 , 
(P-T- > 

Infec- 

tion 

n 

Ratio 
between 
‘ spleen n ’ 
and ‘ infec- 
tion n’ 

Assam — 









0\ er 75 per cent ! 

83 ! 

175 ' 

58 

56 

97 

350 

0-50 

50-75 „ 


65 ! 

105 

51 

1 47 

92 

250 

0r42 

25-50 


40 

50 

58 

1 42 

72 

125 

040 

Under 25 „ 


14 

15 

55 

16 

29 

35 

0 43 

Ajrtcan — 







Intensive 

1 

48 

70 

63 

48 

85* 

190 

0r37 

it 

2 

56 ] 

80 

53 

48 

80* 

160 

0-50 


3 

78 

150 

73 

67 

94* 

280 

053 

1 reetown 

1 

50 

70 

56 

1 41 

73 

130 

0-54 

» 

2 

71 

120 

75 

72 

96 

320 

0-87 


*In these cases the true infection rate is calculated by the final parasite rate after 
seven examinations 
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foi the West Afiican series, to sho\^ that the relationship holds good in similar 
aicas elsewhere 

The ‘ spleen n ’ and the ‘ infection n ’ lierc hn^c a fairly constant relation- 
ship to each other, and the constancy of tins i elation is truly remarkable when 
one considers the manner in which cirois arc magnified in this method of 
reasoning, suppose foi instance that in the first example given in this table 
(seiies ovei 75 ]iei cent), the actual parn^site latc had been 5 per cent lower 
than as gnen m the table, this would haic meant a true infection rate 9 per 
cent below that given above, and an 'infection 7i ’ 130 less than the one here 
calculated, the latio between the spleen 72 and the infection n then being 0 83, 
instead of 0 50 

This lelationship between the number of infections required th produce 
the infection rate and the numbci of ‘>plccns which haic to be distributed to 
pioduce the spleen rate mu'^t mean that the do^c of spoiozoitcs inoculated by 
the infecting anophclmcs laiic'! gicatlj, pioducing an infection of varjing 
seventy [see Chnstopheis, (1910)], and that onl\ m come 40 to 50 per cent 
of cases is this tiansmittcd infection of sufficient cc\critv to cause marked 
enlaigeraent of the spleen, the numbei of poisons actuallj' dei eloping infection, 
and developing an enlarged siilccn, is in accordance with the formula given 
and as set out in Table VI 

If we attack this pioblem fiom the reverse point of new, and estimate 
fiom a given nurabei of infecting bites, distributed among 100 people, the 
number wdio will de^olop infection, the number of people in whom parasites 

T.VBLE VIII 


Showing the paiaCite and spleen rates produced by a given mnnbcr 0 ] infecting 
T ’ bites 



1 1 

2 

3 

4 

5 

Senes 

Number of { 
infecting bites 

Actual infec- 
tion rate 

Parasite rate 
(60 per cent 
of col 2) 

Number of 

spleens distri- 
buted (50 per 
cent of col 1) 

Spleen rate 

1 

400 

98 

59 

200 

87 

2 

200 

87 

52 

100 

63 

3 

100 

63 

38 

50 

39 

4 

60 

45 

27 

30 

26 

5 

40 

33 

1 

19 

20 

18 

6 

20 

18 ! 

11 

10 

9-5 


will be found, the paiasite late (on the presumption that we find 60 per cent 
of all infections) , the number of people who will develop enlarged spleens 
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(on the presumption that 50 per cent of the infections transmitted are of 
sufficient se\critj to cause enlargement of the spleen), it will be found that 
the relation between the spleen and the paiasite rates is such as is normally 
seen This is elaborated in a hypothetical senes in Table VIII 

In these cases the relation between the spleen late and the parasite rate 
IS that which is normally found in areas of moie or less static endemicity, in 
those with a high spleen rate the parasite rate is i datively low, in those with 
a low spleen rate the parasite rate is as high a'; oi higher than it 

Taking till's same senes and investigating the paiasite late in those with 
and in those without enlarged spleens, we find that again the results are in 
accord with those usually found in these areas (Table IX) 

T,umE IX 


Shoiiing the parasite rates in those with, and tn those without, enlarged spleens, 
1 csultinq from a Lnown nunibei of infecting bites 



Those with em-wiged spleens 

1 

Those without 

ENLAEGED SPLEENS 

Series 

No 

Actual infec- 
tion rate 

Par isitc 
rate 

No 

Actual num- 
ber infected 

Parasites 
found in 
60 per cent 
of these 

Parasite 

rate 

1 

87 

100 

60 

13 

11 

7 i 

1 1 

51 

2 

63 

100 

60 

37 

23 

14 

38 

3 

39 

100 

60 

61 

1 

24 

1 

14 

23 

4 

26 

iOO 

60 

74 

19 

11 

15 

5 

18 

100 

60 

82 

15 

9 

13 

6 

9 

100 

1 

60 

91 

9 

5 

5 


Note — The actual number infected, amongst those without enlarged spleens, is calculated 
by subtracting the number developing enlarged spleens from the total number 
infected 


The parasite rates amongst those with and without enlarged spleens show 
the same relation to the spleen rate as is usually found, and was found in the 
Assam series, in those wuth enlarged spleens it remains constant, w'hile m those 
Without enlarged spleens it vanes directly with the spleen rate 

Spleen and pahasite findings 
Parasite findings in relation to age 

In Table X, which shows the parasite rate in the different age groups, the 
figures have been divided into two yearly age groups in order to ensure that 
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theie aie sufficient childien m c^cij gioup to gnc a reliable result, the figures 
foi the two senes ^Mth the lo\^ ■'plcen rates have been fuither run together with 
the same puipose 


Tabll X 

Showing the peicentage oj chhhcn m each age gioup who weie found to be- 

mfcclcd 


Series 

[o\FR 75 I'lR CENT 

50-75 rni cent 

25-50 I’FR CFNT 

Under 25 per cent 

■y 1 

Percentage 

Percentage 

Percentage 

Percentage 


positn e 

positt\ e 

positn c 

positn e 

0-1-2 

CS 

59 

i 

7 

3^ 

61 

51 


5-6 

55 

46 

IS 

33 

1 

7-8 

49 

46 

j 26 

19 

9-10 

50 

28 

i 



In the two series with the highei spleen lates the parasite rate appears to 
decrease gi actually but clefinitelj fiom the coinmenccincnt, m the two series 
wuth the low'ei spleen lates the paiasitc latc appeals to reach its maxiinum 
at the age period 5 to 6 yeais, and thence to decrease again 

The numeiical fiequency of parasites is set out in Table XI, in which it 
will be seen that in the lines wuth spleen lates ovei 75 per cent, the majority 
of the counts m the childien undei thice yeais old aic high, ovei 1,000 per emm 
In the lines ivith spleen lates between 50 and 75 pei cent only one child under 
two yeais old was examined, consequently the age gioup 0-1-2 shows no more 
heavy infections than the latei ages In the lines ivith spleen rates between 
25 and 50 per cent the heavy infections appear to be more frequent in the 
children up to the age of foui, fiom which age they deciease, while the figures 
for the lines with spleen rates below 25 pei cent are too small to allow of any 
reliable conclusions being drawn 

These results aie simO-ir to those wffiich have been found by other obser- 
vers in the past, and aie consistent with the theoiy of a period of acute infes- 
tation in eaily childhood, follow’^ed by a stage of immune infestation in later 
childhood, the only difference betw'’een the foui areas being that in those with 
the found, ti rates the period of acute infestation lasts till a later time 
of all infectionspf immune infestation is reached 
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There is no marked difference m the value of the parasite counts in the 
four senes, which would suggest that theie is no marked difference m the 
severity of malaria in them 


Table XI 


Showing the age distribution and numerical values oj parasite injestations 




Number with infections 


Semes 

Spleen rate 

Per cent 

Age 

Under 100 per 
cjnm 

10a-l>000 per 
c.mm 

Over 1,000 per 
cjnm 

Total 

Over 75 

0-1-2 

4 

6 

13 

23 


3-4 

5 

15 

7 

27 


5-6 

7 

26 

7 

1 40 


7-^ 

8 

1 13 

4 

25 


9-10 

3 

6 

0 

9 

60-75 

0-1-2 

5 

13 

5 

23 

1 

3-4 

s 

24 

1 

12 

44 


5-6 1 

8 

19 

10 

37 


7-8 j 

2 

11 

3 

16 


9-10 

1 

3 

1 

6 

25-30 

0-1-2 

1 

2 

4 

7 


3-4 

1 

5 

6 

12 


5-6 

7 

8 

9 

24 


7-8 

0 

4 

0 

4 


9-10 

2 

2 

0 

4 

Under 25 

0-1-2 

0 

0 

0 

g 


3-4 

0 

2 

0 

2 


5-6 

6 

3 

4 

13 


7-8 

2 

4 

1 

7 


9-10 

0 

0 

0 

0 
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Spleen findings in relation to age 

(1) Spleen late — This shows a slight increase till it reaches a maximum 
m childien aged tliiee to four in the series with the higher spleen rates, five 
to SIX in the 25-50 pei cent series, and seven to eight in the under 25 per cent 
senes, aftei which it shows a steady tendency to decline in the older children 

Tablu XII 


Showing the spleen lates in the dijjeient age gwups 


Series 
Spleen rate 
Per cent 


Aon 



0-1-2 

3^ 

1 

5-6 

i 

! 7-8 

1 

1 

9-10 

Over 75 

76 

90 

78 

80 

68 

50-75 

60 

76 

58 

57 

51 

25-50 

30 

47 

49 

35 

375 

Under 25 

7 

1 

15 

21 

1 

24 

i 

12 


The initial giadual inciease in the spleen rate may be ascribed to the 
gradually mci easing chances of the child having received a severe infection 
with malana, as it grows oldei, and the subsequent decrease to the development 
of immunity, which is acqmied at an eaiher age in the moie malarious lines 
than in those with low spleen rates 

(2) Size oj the spleen — ^The fiequent occurrence of two modes in a fre- 
quency cuive of the spleen size has been noted by Christopheis (1929), who 
interpreted it as meaning that theie were two distinct sizes of spleen, a small 
one associated with acute malaria, and a laigei spleen associated with the stage 
of immune infestation In the most malaiious lines examined this bimodal 
curve was veil marked, and some suggestion of bimodality was present m all 
the lines When this fiequency curve is analysed accoidmg to the ages of the 
children examined, howevei, the bimodal curve is seen to be mainly an attri- 
bute of certain ages only The curves are shown m Graphs 1 to 4, m which 
the following attributes will be noticed — 

(1) Series over 75 per cent, Giaph 1 In the earliei ages, under three 
years, the cuive is bimodal with the mam mode at 10 cm from the umbilicus, 
and a smalhw one at 8 cm from the umbilicus At three and four years the 
mode mdicatmp^he larger spleens has become moie marked, and is at 7 cm 
from the umbilic\s At five and six years this mode is the only one, though 
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the curve shows a marked skew to the left, which indicates the presence of a 
number of the smaller spleens w'hich constituted the former mode at 10 cm 
From the age of seven onwards the mode at 10 cm is again the more important 
one, though the former chief mode at 7 cm is still visible 


Graph 1 


No. of Observations. 

32 

30 

28 

26 


— aged under three, 

aged three to four, 

aged five to six. 



Showing frequency curves of spleen, size for four age groups, Lines with spleen rates 

over 75 per cent 


(2) Senes 50 to 76 per cent. Graph 2 In the children under three years 
old there is a unimodel curve, the mode being at 10 cm from the umbilicus 
At three and four years of age the curve is defimtely bimodal with apices at 
10 and 8 cm , the two modes being approximately equal m size In tbe age 
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period five to six and seven to ten the curve is still biniodal, but the apex at 
10 cm IS consideiably the moio important one again 


Graph 2 


No. of Observations 
34 
32 
30 
28 
26 


/ \ 
/ ' 


/i 
l\ 

I \ ' 
/ \ 

\ / \ 


— aged under three, 

- aged three to four. 
— aged five to six. 
••• aged seven to ten. 



fS) Series 25 to 50 per cent, Graph 3 Frequency curves for the different 
ages in this aiea aie not reliable on account of the small numbers of 
enlarged spleens seen in each age gioup There appears to be no marked mode 
in the younger children, there is a suggestion of bimodality m the children 
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aged three to four and five to si\, and certainly the larger spleens are more 
common at these ages, and after seven years the curve is once agam unimodal 

Graph S 

•— — aged under three, 

aged three to four. 

—aged five to six. 

,.>».aged seven, to ten. 



No. of Observations 
12 
10 
8 


14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

cms. A.U. Ideasurement 

bhoimg frequencj’ cunes of spleen size for four age groups Lines with spleen rates 

between 25 and 50 per cent 


(4) Senes under 25 per cent, Graph 4 The findings here are similar to 
those seen m the previous series, but on account of the small numbers of 
enlarged spleens seen in each age period they are not reliable 


Graph 4 

.. i. ni. — * — •- s&ed under three. 

No. of Observations ^ 

aged three to four* 

aged five to «ix, 

g aged seven to ten, 

6 
4 
2 
0 

1/1.1^ 12 11 10 9 8 7 6 5 4 3 2 1 0 

14 1> 44 i-L ^ Measurement 

Showing frequency curves of spleen size for four age groups Lines with spleen rates 

under 25 per cent 



These findings are in accord 'with those of Christophers (1924), and the 
relative absence of large spleens in the earlier years agrees with the findings 
of Covell (1927) in the Andamans, that a community recently subjected to 
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the influence of malaria showed small spleens only The interpretation to be 
placed on these findings will be discussed at a later stage 

The 1 elation between the spleen size and the presence oj parasites 
Table XITI shows for each sciics the number of spleens of each size in 
which the blood was examined, and in which it was found positive 

Tablu XIII 

Showing the paiasite iniesiations found in association with the different sizes 

of spleen 


Ape\ 

umbilicus 

measure- 

ment 

OvFn 75 PFn cfnt 

50-75 PFiiciM 

25-50 rruer NT 

Unueu 25 FEa cent 

Number 

exa- 

mined 

Number 

positive 

Number 

exa- 

mined 

Number 
posit 1 \ c 

Numlier 

exa- 

niinefl 

Number 

positnc 

Number 
ex immcd 

Number 

positive 

Negative 

41 

22 

100 

44 

5S 

IS 

82 

10 

14 

cm 

1 

1 

3 

2 

3 

1 

0 

0 

13 

>} 

0 

0 

i 

3 

2 

0 

1 

0 

12 

» 

11 

G 

15 

10 

4 


3 

1 

11 

9) 

14 

7 

22 

11 

9 

5 

2 

2 

10 

ft 

32 

16 

43 

21 

S 

4 

2 

0 

9 

ft 

22 

6 

27 

13 

9 

G 

2 

1 

8 

it 

35 

24 

IS 

10 

5 

5 

3 

3 

7 

ft 

29 

16 

16 

8 

2 

1 

2 

2 

6 

ft 

22 

15 

12 

6 

2 

2 

3 

2 

5 

ft 

15 

9 

3 

2 

0 

0 

1 

1 

4 

It 

12 

8 

4 

2 

0 

0 

1 

0 

3 

If 

4 

4 

2 

1 

0 

0 

0 

0 

2 

it 

1 

1 

0 

0 

0 

0 

0 

0 

1 

it 

1 

1 

0 

0 

0 

0 

0 

0 

0 

ft 

1 

0 

0 

0 

0 

0 

0 

0 

—2 

It 

1 

0 

0 

0 

0 

0 

0 

0 

—6 

It 

1 

0 

0 

0 

0 

0 

0 

0 


The parasite rate is higher amongst those whose spleens project to within 
8 cm of the umbilicus, or less, than amongst those with smaller spleens in all 
the series except the 50-75 per cent senes, in which case the parasite rate is 
the same m both cases Table XIII is epitomized in Table XIV below to 
bring this fact into prominence 
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Table XIV 


Series 



Spleen 

SIZE 



9-14 cm A U 

r 

S cm 

A U or ! 

less 


Number 

i Niinibei 

Peicentage 

Niimbei 

Number 

Percentage 


CMiniined 

posiln e 

1 positn e 1 

CM mined 

positn e 

! positive 

1 

Over 75 

SO 

30 

4S ' 

122 

78 

63 

50-75 

117 

63 

54 

55 

29 

53 

25-50 

35 

IS 

51 

9 

8 

89 

Under 25 

10 

4 

40 

10 

1 ® 

80 

Tot\p 

1 242 

1 1 

121 

1 

1 50 

196 

! 

123 

1 1 

63 


Graph 5 


No. of Observations 
18 
17 
16 
15 
14 
13 
12 
11 
10 


A - 

l\ 

n 

I ' 

I ' 

I 1 



I 

f 

I 

} 

I 

I 


\ 

I 

\ 

I 

I 

l 


Parasite Count 
under 100 per c.mm. 

100 to l.OOO per c.mm. 
over l,0u0 per c.mm. 



14 13 12 11 10 9 8 7 6 5 4 3 2 1' 0 

cms. A.U Measurement. 

Showing the relationship between the number of parasites in the peripheral blood and 
the size of the spleen Lines with spleen rates over 75 per cent 

J, MR 20 
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Mechanism of Jvfeciion wiih Malaria 

Relation between the spleen size and the parasite count 

In oidci to show this lelntionship the positive films have been divided 
into thiee categoiies, those vith iindei 300 paia'^ites per cinm, those with 
100 to 1,000 pel c mill , and tho'=c with o\ei 1,000 per cmni, and frequency 
cuives haie been diavn in Giaphs 5, 6 and 7 ‘•hovmg the number of each 
categoiv m association vitli each size of tlic ‘spleen in tlie dilTcient aieas The 
figuies foi the tvo <5ciics vitli the lowei ‘^jilecn lates have been combined as the 
small numbei of po'^itive bloods seen heie makes complicated subdivision 

Grai'h G 


No. of Observations 

12 

11 

10 


1 \ 

i\ 


Parasite Count 

100 per c.niin. 

100 to 1.000 per c.niiii. 

— • — • — • over 1,000 per c.mni. 



Showing the relationship between the niimbci of paiasites m the peripheral blood and the 
size of the spleen Lines vith spleen rates between 50 and 75 per cent 


unreliable In each of the othei two senes the low paiasite counts aie chiefly 
found in association with the smallei spleens pi ejecting to within about 10 to 
11 cm of the umbilicus, the raodeiate infections show a marked association 
with a laigei size of spleen than the low infections, the heaA'y infections, vitli 
parasites counts over 1,000 per cram, show no distinct piefeience for any 
particular size of spleen in the most malaiious lines, while in the 50 to 75 per 
cent series they aie definitely associated with an intei mediate size of spleen 
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No. of Observations 


5 


Parasite Count. 

under 100 per c.nini. 

100 to 1,000 per c.m 

. — -over 1,000 per c.nun. 


4 

3 

2 

1 

0 



14 13 12 11 IQ 9 


8 7 


6 5 4 

cms A U. 


3 2 10 

Measurement 


Showing the relationsliip between the number of pnrasites m the peripheral blood and 
the “iize of the spleen Lines with spleen lates under 50 per cent 


Summary 

(1) Lines tilth spleen late ovei 75 pei cent In these the aggregate 
spleen rate was 83 pei cent, the paiasite late was 56 pei cent The spleen 
rate i caches its mnMinuin at thiee to foui yeais of age and theieafter giadiially 
declines A spleen fiequencv curve for all ages of childien is bimodal, but 
analysis shons that the bimodal charactei is chiefly evident m children aged 
two to foul, when theie aie two main sizes of spleen present, that leaching to 
within 10 cm of the umbilicus, and anothei reaching to within 8 cm In the 
oldei childien aged seven to ten the smaller size of spleen is usually seen 

The paiasite count giadually diminishes throughout the whole ten yeai 
age period examined In those children under thiee jmars of age high parasite 
counts are the lule, while after tins Jowei counts aie more common 

It was more usual to find positive blood films in those with large spleens 
projecting to within 8 cm of the umbilicus than in those with smaller spleens 
It wa<! more usual foi the moderate infections between 100 and 1,000 per cmm 
to be associated with the laige spleens, the low parasite infestations were 
found together with the smallei spleens, while the very high parasite counts 
showed no preference for any particuhi size of spleen 

(2) Lines with spleen rates between 50 and 75 per cent In these the 
aggiegate spleen rate was 63 pei cent and the paiasite rate 50 per cent The 
spleen late reached its highest at three to four years of age, and thereafter 
declined Before the age of thiee the modal size of spleen is small, at 10 cms 
from the umbilicus, after this theie is a bimodal curve with apices at 8 and 
10 cm in the childien aged three to four After the age of four the larger 
spleens readily decline in importance 

The parasite rate shows a gradual diminution throughout the whole age 
period examined Owing to the small number of very young children examined 
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the expected maiked ])ic]K)ndciancc of henw infection'? in the \oiingor children 
■nas not seen 

Positne blood filin'? ^\clc found cfiualh in .i‘'^ocintion with -spleens of all 
‘?ize'?, though it wa'- again noted that the niodeiato iiaia'Jite infestations 
occiuied in association with a laigei of splcon than the ^el^ slight infesta- 
tion, while the hca\\ infestations, witli paiasite counts ovei 1,000 pei cmin 
occuiied in association with an intei mediate ■-ize of spleen 

(3) Lines with spleen lates between 2.) and 50 pei c-ent The aggregate 
spleen late in these lines was 43 pei cent and the paiasitc late was 43 pei cent 
also The spleen late leachcd its highest at fi\c to si\ ^caIs of age, a slight 
decline being seen in the oldei childien The spleen fieqiicnc% cune for children 
of all ages shoA\s a suggestion of biniodalitv in a maiked skew to the right, 
but the small ninnbci of childien with enlaiged spleens seen in each age group 
makes accuiate deduetions fiom age analyses umcliablc 

The paiasitc latc ap]icais to be at its maximum at fine to six ^eais of age, 
while high paiasite counts weie lelatneh moic common m older childien than 
was the case in moie malanoiis lines 

Positive blood films w'cie moie commonh found in association with the 
large spleens pi ejecting to within 8 cm oi less of the umbilicus The asso- 
ciation between the size of the sjilecn and the intcnsitv of infection is difficult 
to trace on account of the small numbeis m each gioup when the figuies are 
split up 

(4) Lines with spleen lates below 25 pei cent The aggiegate spleen rate 
was 19 pei cent and the paiasitc late was 21 pci cent The spleen rate 
appealed to be at its highest m the oldei childien aged se\cn oi eight There 
is heie again a suggestion of blmodallt^ in the spleen ficqucncv cune foi all 
ages but the paucity of the figuies makes age anahsis impossible 

The paiasite late was at its highest at fi^o to six Acais of age, but the 
figures being small it is impossible to sa\ at what age the highest infestations 
moie commonl}" occur 

Positive blood films weie moie common in association with laigei spleens 
than wuth the smaller ones, but the association between the size of the 
spleen and numbers of paiasites is difficult to tiace 

D2scuss20n 

In all foui senes heie described the same piocess of infection follow'ed by 
immunity is going on, as is showm by the fact that, as fai as they can be 
deciphered, the same changes in the spleen late, spleen size, paiasite late, 
parasite count, etc , aie taking place in all of them, differing onl)’' in degiee 
and in the ages at which the changes take place 

The process of infection in childien in endemic aieas has been variously 
regal ded by diffeient obseiveis Some legaid the children as suffering 
throughout childhood from a senes of illnesses, each associated with the 
appearance of parasites in the peiipheial blood and possibly enlargement of 
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the spleen, fiom ^^hlch the child may lecovei, with disappeaiance of its 
symptoms though possiblj without complete stenhzation, to succumb to another 
attack at a latei time, as a lesult of immunity developed during the initial 
attack latei attacks may be less seveie This might be termed the discrete 
miedion theoiy 

The second theoiy as to the mechanism of infection and immunity, appli- 
cable to In pel endemic areas, was propounded by Chiistopheis (1924) and may 
be desciibcd as the continuous infection theory According to this all children in 
the area are constantly suffering fiom malaiia, and all suffer equally, 
passing through continuous stages of acute infestation in early childhood, 
followed bj immune infestation as they growr older This implies that the 
child has a practically continuous illness wuth only daily variations in its 
symptoms and signs such as the number of parasites in the peripheral blood, 
due to chance, and a gradual impiovement due to the development of immunity, 
whilst it excludes the possibility of the disappearance of symptoms due to 
recoveiy from the disease 

In trying to explain the facts seen m these senes by one of these theories, 
theie are difficulties encountered in applying the continuous infection theory, 
although it has been demonstrated as applicable in certain intensely malarious 
areas ini estigated by Christopheis If all the children at any one age are 
equally infected and suffer equally, at any rate in the two hyperendemic senes, 
then laiiations found in any senes of children of one age must be explained 
The differences that are seen between the individual children m any one age 
group are (1) piesence of paiasites, some haiung parasites in the peripheral 
blood and others being free fiom them, (2) the varying number of parasites, 
high counts being encountered in some and low ones in otheis, though as a 
rule one ty^pe of count piedommates, (3) presence of enlarged spleen, some 
having splenic enlargement and others not, and (4) size of spleen, in some 
age groups theie being a definitely bimodal fiequency curve The first two 
of these lariations aie easily explained on the grounds of daily variations due 
to chance, and errors of observation due to our known defective methods of 
examination, m faioui of which explanation is the usual marked piedominance 
of one type of parasite count The third variation is less easily explained, 
the spleen is not an oigan wdiich undeigoes marked daily variations in size, it 
normally taking weeks at least for a moderately large spleen to become im- 
palpable in an untreated peison, so the presence of children without palpable 
spleens cannot be explained by chance daily variations, but must be ascribed 
eithei to the existence of uninfected children, oi to some children having, at 
any rate partially, recovered from the disease The first of these explanations 
seems umeasonable, because, to take an instance, m the 50-75 pei cent senes 
the ideas that 24 per cent of children aged three to four have escaped the 
effect of exposure to then environment, and that the infection amongst the 
otheis IS sufficiently intense to keep up a condition of continuous infection 
aie mutually antagomstic, the second explanation is itself repugnant to the 
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continuous infection theoij' The fouith vaiiation in the findings amongst 
any gioup of childien of one age gioup, tlie existence of spleens of different 
sizes, is the most difiicult to leconcile AMth the continuous infection theoiy If 
all the children in any one age group weic suffering equally from malaria, 
then the> should all have spleens of appioxiinatelj^ equal size, centring round 
a single mode in the foim of the noiinal fiequency cuive, the existence of a 
bimodal curve at any one age jiciiotl i-^ e\i(lcncc that theie are at least two 
stages of infection piescnt in tho«c dnldicn 

All the phenomena heie ■^een can, ho\\e\ei, be explained vithoiit the 
slightest difficulty if ve accejit the following theoiies — 

(1) The theoij outlined in the fust pait of this paper of the lelation 
between the spleen and paia'^ite latcs, which implies acceptance of the discrete 
infection theoiy, tiicse account foi the diffciing ^alues of tlic spleen and paiasite 
late, and foi the difteicnce ‘-cen between the indniduals in any series of children 
of the same age, 

(2) Christopheis’ oiiginal splcn theory to account for the differences m 
the size of the spleen, and 

(3) A development of immunity, such a‘' has long been iccognized, to 
account foi the changes taking place in the dificicnt age gioups 

In the fiist pait of this papei a lelationship lias been shown between the 
spleen and paiasitc lates which can only be the result of the frequency of 
infective bites and the symptoms di'^played could not exist if each bite did not 
produce its owm definite tiain of sjmptoms, wdiicli implies acceptance of 
the discrete infection theoiy 

If we admit the po^sibilit} that each individual undergoes a senes of 
illnesses, recovering partially oi complctel} betw'cen infections, then any series 
of children of the same age will include a number wdio are in the initial acute 
stage of attack, a number wdio have passed this stage and are recovering, 
and some wdio ha-ve recovered, the number m each of these conditions will 
depend on the fiequcncA of infection in the area, the length of time for wdneh 
the children have been exposed to it, that is, then age, and the degree of 
immunity developed as the lesult of pie\ious attacks 

The splen theoiy, wuth the modification stipulated above that onlj' some 
50 per cent of infections are of sufficient sc\ciity to give rise to enlargement 
of the spleen, readily explains the variations seen in the size of the spleen 
This theoiy said that a single infection wuth malaria produced a certain definite 
mean enlargement of the spleen, teiined one splen, and that a double infec- 
tion produced a greater enlargement termed two splens, etc A fiequency 
curve of the sizes of spleen seen should therefore, in highly malaiious areas, 
be definitely bimodal, those wuth a single infection centring round a mode at 
about 10 cm from the umbilicus, and those with more than one infection 
centring round a moote nearer to the umbilicus The double infections, wdiich 
wmuld produce the bridal curve, should be rarer in the younger children in 
wdiom the spleen rate i^low^, and should be most common in those age groups 
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m Tvhicli the spleen late is at its highest, as a slight increase in the spleen rate 
IS accompanied by a pioportionately greater increase in the number of those 
mth two STplcns Refeience to Graphs 1 to 4 and Table XII will show that 
this IS the case in those lines in wdiich sufficient cases were secured foi reliable 
analysis 

The lai nations in the paiasite findings amongst a numbei of children of 
the same age is explained by the different stage of attack in which they will 
be, in the case of jmungci children, wdio wnll be completely non-immune, a 
majoiiti 'nill show high parasite counts wdnle a few who are recovering will 
show loiY counts, among the older children wdro have developed a certain 
degiee of immunity medium and low' counts will be the lule 

The relation between the spleen size and the parasite count is explained 
on the follow'ing grounds, the high parasite counts occui almost entirely 
amongst the loiing children wdio are presumably undei going their first infec- 
tion, and they therefore usually occur in connection with the spleens of one 
spten size The children rapidly acqune, probably after then first infection, 
a sufficient degiee of immunity to protect them from these high parasite mfes- 
tations, as is showm by the early age at which they become relatively less 
common A large spleen being, e^ hypothesi associated with at least two 
infections, and occur iing most frequently in children who are two or more 
years old, is seen in those who have had time to develop some slight immumty 
and do not show the veiy high paiasite counts, hence the medium parasite 
count IS found most frequently in connection with a large spleen The very 
low' parasite count is most common amongst the oldei childien who are 
partially immune and aie capable of resisting a number of infections, conse- 
quently in them double infections are less common and these low parasite 
counts aie associated with the smaller spleens 

The immunity developing among these children appears to do so on the 
following lines, before the mitral attack they are completely non-immune and 
the first attack is associated with a high paiasite count After tins they 
develop some resistance to the paiasite, so that m future attacks a lower 
parasite count is seen, but they have not yet developed sufficient immunity to 
w'aid off an attack completely, and as the children grow older and their chance 
of escaping infection therefore becomes less, a greater number become infected 
After having been repeatedly infected they become more resistant, very low 
parasite counts are seen after infection, and they gradually acquire a sufficient 
degree of immunity to waid off a numbei of the infections to which they are 
subjected These processes may be seen at work in (1) the rapid diminution, 
from the earliest ages, in the numbeis of parasites seen, (2) the slower diminu- 
tion in the paiasite late, the diminution in which is probably partly due to the 
smallei numbers of parasites present in the films and the consequent inci eased 
difficulty m finding them (3) The gradual increase m the spleen rate as the 
chances of infection increase, follow'ed by a decrease as sufficient immunity 
IS developed to ward off infection (4) The decrease m the number of larger 
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spleens seen in the oldci childien, due again in Ihc ability to icsist infection, 
thus dimini'^hing the nunibci of double infection^ 

An immediate objection that aii^'C" to the di^eiete infection theoiy in the 
moie malaiious lino'^ is tliat an unticalcd case of inalaiia i': a lengthy affair, 
and that the fiequency of infection ought to be ‘■o gieat in such aieas that it 
IS en'^uied that c^cl^ child is icjicatcdh ic-infcclcd bcfoie it has had time to 
ieco\ei fiom its initial attack It i'' not di'^puted that tins does occur in some 
aicas, and ^^hclc it doc" <o the flcqucnc^ of attacks in the indnidual becomes 
so gieat that thej meige into one anothei and a ‘>iate of continuous infection 
aiises, but it is thought that it m onh in a fen intcn^'Ch malarious areas that 
this does occm, and not in all aiea^ nith 'spleen iatc‘' oiei 50 per cent There 
IS no evidence that in the majoiiU of highh endemic areas infection is of 
iciy fiequent occiuicncc, while theic !<= con‘'idciablc circum‘=tantial evidence 
that it IS not, and attention imn be diawn to the following point< (1) the 
laiity with which gamctoc\tc« aic found in ‘juch children as those examined 
here, out of 714 childien examined, of whom 250 wcie infected with P falci- 
paunn, onh 10 had moic than 12 cic'>c cut’s pci t inin and thus were capable 
of tiansmitting infection, (2) the compaiatuc iaiit\ of ihc caiiiei species of 
anophehnes In this ‘'Ul^e^ thc\ wcic difficult to find and only rcpiesentcd 
14 pci cent of the total catch inside hou'-es, (3) the low ^poiozoite late met 
with men in the chief caiiici ''pecics, Ralnsa^ (1930) ha‘>- dissected vciy large 
numbeis of anophehne mosquitoes in Assam o\ci a pciiod of thiec }eais, and 
of the chief caiiici «pccic"«, i muumias found onh 0 7 pei cent infected m 
the glands, the gicate^t peu outage found infected at am tunc of ycai, 
being 1 7 pei cent m the month of June, hn^th. (4) we iia\c the evidence of 
Blacklock and Goidon (1925), woikmg m cst Afiica m an endemic aiea 
with a spleen latc of 56 pci cent, who mccbtigatcd the age distiibution of infec- 
tions among5^t childien undei two ^ealb of ,ige The^c obscneis found that 
the parasite late in thcNC ^oung childien lo^o con giadualh, inci easing by not 
moie than fice pei cent m anj month, and that it wms not until the age of 
eighteen months that it i cached its ''Ubsequent steach level of 42 pei cent 
All these facts point to the pos‘^lblllt^ of a high spleen latc, and hj^pei- 
endemic conditions, occuiiing m an aica whcie the fiequency of inoculation 
with malaiia is not gieat, occuiiing at sufficient intenals to allow' the childien 
to lecovei, at an> late paitialh, between attacks, and having a series of dis- 
continuous illnesses, the intenals between wdiich depend on the fiequency of 
inoculation wuth spoiozoites 


Summary 

This paper is founded on the lesults of nine senes of blood and spleen 
examinations made dm mg a Malaiia Siiivey in Assam and in the Sii A L 
Jones Laboiatoiy, Siena Leone 

An eijjqnation is put foiw'aid ol the lelationship commonly seen between 
the spleen and pai^ite lates in endemic aieas Bnefly this is that (1) only 
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some 60 pci cent of infections aic discovcied by oiii piesent methods of 
examination, (2) the paiasitc latc amongst those iiitli enlaiged spleens lemams 
piacticallj constant in most endemic aieas, ^^hatc^Cl the spleen late, at about 
60 pel cent, and this is a useful ciiteiion of the peicentage of infections being 
discmeied, (3) a ‘tiiie infection late’ can be calculated fiom the paiasite 
latc by inultipKung it by a factoi based on the paiasite rate amongst those 
nitli enlaiged spleens, (4) this 'tiue infection late’ and the spleen late show 
a iclationslnp to each othei nhicli can onlj be explained on the giounds that 
only some 50 pei cent of infections aie of sufficient sexeiity to pioduce 
enlaigcincnt of the spleen 

The blood and spleen findings in the Assam senes aie analysed and the 
following points bi ought out (1) The paiasite late i caches its height m the 
fiist tno jeais of life, except in the le&s malaiious lines, and theieaftei 
declines, (2) the numciical ficquency of paiasites in the blood of those infected 
decieascs lapidlj aftci the fiist two yeais, (3) the spleen late reaches a 
maximum m childien aged thiee to six, the exact age depending on the seventy 
of the malain m the lines, and theieaftei declines, (4) a fiequency cuive of 
the size of spleen shows definite chai acteristics in different age groups, laige 
spleens being more common m childien aged thiee to six, (5) a large spleen 
IS more fiequentl}' associated with a positive blood than a small spleen, (6) a 
laige spleen is generally associated wuth a moderate paiasite infestation of 
100 to 1,000 parasites per ciiim, small spleens being usually associated with 
either a very small oi a very high paiasite count 

The conclusions drawn from the facts observed aie (1) that infection in 
these children is discrete lathei than continuous, le-mfection occurimg nor- 
mally at long intervals, although the observations were made in a hypei endemic 
area, (2) that the spfen theory adequately explains the changes in the size 
of the spleen, and (3) that a relative immunity to malaria is gradually acquired 
by the children living m these lines 
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K V KRISHNAN, m b , m r c p e 
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Op the numeious attempts made in the past to bung about tiansmission 
of Indian kala-azai by the bite of Phlebotomus argentvpes all have failed, 
whether these experiments were on animals or on human volunteers The 
reason for these failures is still to seek but we aie now able to record the first 
successful transmission by the bite of this insect 

The known life-history of Levshmania donovam in P argentvpes pointed 
in no uncertain fashion to the probability that the bite of this insect was the 
method by which Leishmama infection was conveyed to a new host and the 
experiment to be described below gives confirmation to this view 

The methods of feeding the flies on cases of kala-azar and subsequently 
of feeding the infected flies on Chinese hamsters were precisely those detailed 
in previous publications of the Kala-azar Commission and need no further 
mention Details of the series of experiments forming the subject of this 
communication are given in the accompanying table 

( 1373 ) 
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Remarks 

The only detail m which thi=: e\perimcnfc differed from all previous ones 
was in the somewhat longei peiiod elapsing between the commencement of 
the expeiiment and its teimination ba post-mortem of the animal This 
peiiod wa': one of about soicntcen months — 511 days to be e\act — ^whereas 
the longest peiiod of ani previous similai expeiiment on hamsters w'as 435 
dais We do not think this an impoitant point since the hamster showed no 
luacioscopic enlaigement of the spleen, a fact indicating the piobability of a 
compaiatueh lecent infection, le, an infection occurring late in the senes 
of feeding experiments 

AA'e think the fact that onR one out of 42 hamsteis experimented on along 
similai lines became infected indicates that the infection rate by the bite of 
P mgentvpes may be a low' one This would be one possible explanation of 
the slow spiead of kala-azai in noimal intei -epidemic periods and of its more 
rapid adrance duiing an epidemic, when the number of infective kala-azai 
cases has increased to a maximum, resulting in a high percentage of infected 
flies It IS possible also, that the moie rapid succession of passages of the 
parasite from man to fli and iice versa during an epidemic w'ould enhance 
its virulence to a degtee quite out of pioportion to that possessed b> it during 
non-epidemic periods Foi this reason we believe that pait of our previous 
lack of success in obtaining tiansmission w'as due to the fact that transmission 
experiments on a large scale w'lth P mgentipes and a really susceptible animal, 
such as the Chinese hamster or man, were only undei taken w'hen the recent 
kala-azar epidemic w'as already on the wane and the virulence of L donovam 
was already lessening The corollary to these deductions is that for the con- 
fiiniation on an adequate scale of our present successful experiment we may 
have to w'ait for the outbieak of the next epidemic m Assam 
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fiequentlv dis'^ectcd and the liuoral annatnio was found to coirespond fairly 
closely wuth that dc'^ciibcd b^ 8inton (10281 foi P bnbu ^ai mqei , al‘50 from 
time to time unfed ‘specimen^ fiom (he v.mie ba(eh of file- weie mounted for 
identification and no othei speeie- wa- identified 

Annandale (19101 dc'^ciibed P babu fiom Calcutta, but latei (1910n, 
1911 and 1911al he decided that it wa- identical with P nmnihn Rond 
Smton (19281 now claim':, aftei ie-c\ainination of *\.nnandalc’s oiiginal type 
''pecimcii'', that P bobu a di'^tuict •'pccie- and difieieiit fiom P vnmdns 
Rond which he fuithei claims has not been found on tin- side of India These 
kaleidoscopic changes in entomological nomenelatuie aie not uncommon but 
aie neveithclcss Acn confusing We -hould peiha])s ha\c been on safer ground 
had we lefciicd to thc-e flic- as being of the ‘minutu- giouji’ instead of as 
P minvtns (bnbv) though ciiticisni ot oui pajici on this account would 
amount to quibbling 

Oui object was to thiow light on (he feeding habit- of ceitain sandflies, 
paiticulaih P nuyen/ipc';, and not to upset biological jiieconccptions Had the 
lattei been oui obicct we should ha\e been moie caicful not to oftend the 
susceptibilities of the s\«tcmatic entomologist b\ the use of somewhat loose 
nomenelatuie Howe^Cl, the incscnt wiitei was awaic that sandflies of the 
minutus gioup (P im/ncfics Rond in paitieulai) had been icpoited piCMOUsly 
only as feedeis on hzaid blood, thcicfoie when in one batch of flics he found 
that 5 out of 6 weic icpoitcd to contain human blood he sent them to 
Majoi J A Smton, \c I^rs. foi confiiniation icgaidmg then identity 
Alajoi Smton lepoitcd that 4 out of 5 specimens weic P babit ^al mgei 
Although these wcie not the actual siiceimens whose blood-meal had been 
identified, the^ wcie sandflies caught in the same place at the same 
time, and from naked-eje and giossei micioscopical appeal ances the^ 
wmie identical The ici}:- stiong pi esuiiiptioii is, tliciefoie, that the-\ weie also 
P babu vai nujei Subsequently w'e did not feel that it was necessaiv to 
obtain confiimatioii of oui identification It is thus piobablc that the laige 
majoiity of the flies lepoited m oui papei as containing human oi boMiie blood 
wdiich wmre classified as P vmmtus {babu) weic specimens of the species now 
desciibed by Smton (1928) as P babu, oi P babu vai mqe), and it is beyond 
the bounds of possibility that some of them wcie not of this species 

With legaid to the technique employed in the piecipitm tests, the flies weie 
dissected on mica co^el -slips, which had been ^flamecr pieviously to destioy 
all organic matter, by means of dissecting needles which had been similaily 
‘flamed’ If the gut contents wmie adhcient to the coiei-shp this was pared 
down and the small portion of covei-slip wnth the adherent blood wvas dropped 
into a numbered test-tube If the gut contents wms solid it w'as rolled into the 
test-tube fiom the covei-shp The clean'*' test-tubes were supplied by 

*The tubes supplied by Col Lloyd had been piepaied foi use by an ehboiate 
pinification process so arranged as to yield tubes which aie di}', stciile and absolutelj fiee 
from organio mattei, as employed in his depaitment as a loutine 
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Col Lloyd and ihe subsequent identification was earned out by linn With 
leiv few exceptions the specimens aftei being dissolved weie divided into two 
portions, one was tested against anti-huraan and the other against anti-bovme 
high title piecipitin seiuin, in the exceptional cases the material was considered 
insufficient foi the double te=;t and was tested against anti-human serum only 
The results vcie lecoided as -j — b? ± oi — If the results was -b+ or +) 

it was taken as conclusive oiidence that the blood of the species fiom whose 
blood the antiseiuin had been made iias pre^^ent, a negative result meant thqt 
it was not detectable The ± sign vas ‘seldom employed and when the results 
were analysed it was treated a^; a negative lesult 

About the technique of the actual piecipitm test, the piesent writer does 
not propose to make any comment The specificity of this test is universally 
accepted and nhen it is earned out undei the immediate dnection of an officer 
of the experience of Col Llojd anj discu=ssion on the reliability of the results 
vould amount to an impeitmence 

A few contiol‘5 iieie earned out mth flies fed on known blood but, except 
in as far as the time factor was concerned, it was thought entirely unnecessary 
to include them in the paper 

Col Shoitt’s failuie, in the past as well as in the senes now leported, to 
persuade sandflies of the mmutus group to feed on man in captivity does not, 
in the piesent wiiter’s opinion, lU'^tiK his criticism of the work of othei 
obseiveis The result of the simple experiment which he earned out is exactly 
in accordance with the experience of the piesent writer, but his conclusion is 
totall} unjustifiable It has neiei been claimed that the hoise was a total 
abstainer from water just because, when he was taken home after the occasion 
of his pioveibial lefusal to drink, he finished his bian mash 

The present writer is entiiely satisfied that the lesults lepoited m the 
paper wuitten by Col Lloyd and himself aie absolutely accurate in as fai as 
the identification of all the blood-meals and of the sandflies of the species 
P aigentipes and P papatassii are concerned He is also convinced that the 
results shov that the sandflies of the mmutus group common m Calcutta, 
P hahu according to the most lecent entomological opinion, frequently feed 
on the blood of man and of cattle, and that the conclusions, which were based 
— as IS peifectlv obvious fiom the title of the paper — on laboratory feedings 
only, with regard to the feeding habits of the flies of this species were sub- 
stantially coriect 

In Older to get confirmation regarding the identity of the actual specimens 
of the sandflies of the mmutus group whose blood-meals have been tested, the 
piesent writer decided to cany out a fen further tests with flies of this group 
sending the head and thorax of the dissected flies to Major Sinton for identi- 
fication In each batch some undissected specimens caught in the same place 
at the same time were included Col Llo^d being at present on leave Eai 
Bahadur Mitia, Officiating Imperial Serologist, kindly consented to carry out- 

J, MR 21 
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the piccipilni te‘<t'= the ea'^c in (he piCMOus series the specimens when 

sent to the ‘^ciologienl depnilment, ncic iiuinbciccl and the noikci carrying out 
the 'jciological te'?t, had no knowledge of the ‘joincc of the spociinon A few 
contiols are al^o included in tlu‘5 ‘^lioil ‘^cnc'' 

The ic'^iilts of tlio piecijutin nio “sIionmi in (he table 


Tahlh 


Batch 

Sci nl 
rmTnhcra 

Pm ciriTiN Ti ‘iT 
m ‘>1.1 T 

j Snui rr of tlio 
flir^ 

I 

Identit\ of the 
. fliec 

i 

Pnniimnl 

Human 

A 

1-3 



Con -died in 







Vacrino Depot 



B 

4-S 


_ 

Con -“1)0(1 in 







Vilincc 




9 

"f* 

++ 



One identified as 







P shorlli 

C 

10 


+ 

Co\v-“Iiccl in 


Two identified as 





Vaccine Depot 


P bahu aar 


11 

+ 

— 



ingcT 







Identified by 


1 




4 

Major Sinton 


,2 

++ 

— 





13 

+ ! 

— 




D 


1 


Do 


• All ns P babu \ ar 


14 

++ 

— 



niger 

1 

1 

15 

++ 

— 





16-19 


— 


\ 



20 

++ 

— 




E 

21 

— 

— 

Do 


t 


22 

+ 

— 





j 23 

— 

— 




F 

24-33 


++ 

Laboratoiy-biod 

I 

’ argentipes 





flies fed on a 







patient 



G 

34-43 



Laboiatoij'-brod 

r 

’ mgentipcs 





flies fed on a 







mouse 
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Am c\tcn=!n'c ('Ommcnt on tlic -i^ould be superfluous 

Onh one batch was sent to Major Smton as it ^ as a crucial one and the 
lesults of Ins identification sati'sficd am doubts Me might have had He identi- 
fied the thiec dissected flics as P babn (2 9 9 ) and P shorth (19) {vide 
Table) IMj" entomological assistant, Mr S Mukerji, identified the otheis, 
using Majoi Smton's diaivings as an additional guide 

Thus, all the flies Mcie of the mmutus gioup, being either P shoitti or 
P babu aai lupei Specimens of each species contained ruminant blood and 
of the lattei species, at am late, human blood 

The contiol flics mIiicIi had been fed on human blood gave uniformly 
positive and unifoimh negatne icsults with anti-liuman and anti-bovine seium, 
respectively, and those fed on a mouse, uniformly negative lesults with both 
sera 

iMy thanks aie due to iMajoi T A Smton, vc, iMS, foi actual help in 
the identification of sandflies used in this senes of expeiiments and foi many 
detailed letteis on the subject of the identitv of sandflies of the mmutus gioup, 
to Rai Bahadm G C Mitia, Officiating Imperial Seiologist, foi identifying 
the blood-meals, and to mi entomological assistant, Mr S Mukerji, for much 
piactical assistance 
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CORRESPONDENCE— THE NATURE OF ‘BLACK SPORES’ 

We have received the folloiomg commivrncation jrom Colonel S L Briig 

— ^Ed 

‘ The Hague, lOUi Januai y, 1931 


Deah Sib, 

On leading the papei of Biuce Mayne entitled “ The nature of black spores, 
associated with the inalaiial paiasite in the mosquito and their relationship 
to the tracheal sj’^stein ” which appeared in this Journal in 1929 in Vol XVII 
on p 109, I was stiuck by some quotations from my paper “ Die schwarzen 
Spoieu (‘black spoies’) bei dei Malaiiainfektion ini Muckenkorper ” {Arch f 
Piohstenhunde, 1916, XXXVI, p 188) which aie obviously eironeous In 
liteiatuie theic is a tendency to peipetuate eironeous quotations and therefoie 
I might put niatteis light, be it somewhat late, by putting side by side my 
oiiginal statements and Bruce Mayne’s quotations which apparently refer to 
them 


Aich ! Prol, XXXVI 

Page 190 Em ganzei Muckenmagen mit 
bchwarzen Spoien, dcien Lige notiert wai, 
wurde 24 Slunden bei 37° m 10 pei cent 
KOH belassen Die Spoien blassen 
etnas ab, die schwaizen werden gelb- 
braun, abei sie losen sich nicht 
X'ach 2 Monaten (bei Zimmertempeiatur) 
smd die Sporen noch etwas blassei 
gewoiden, aber kerne hat sich gelost 

Page 190 Huge gibt an, dass die 
schnarzen Spoien in physiologischer Koch- 
salzlosung andeithalb Jahie und langei 
unveiandert bleiben 

Page 194 Denkbai ist, dass das Spren- 
gen odei Einieissen del Cysten den Reiz 
bildet zm Chitinisierung dei Cysten oder 
deren Inhalt, ebenso wie die Sprengung 
del Teilungsformen in Menschenkoi’per 
den Fiebeianfall (bei Malaria tertiana und 
quartana) i eranlasst Page 197 Das 
Emreissen dei Cystenwand bildet fur die 
Mucken den Reiz zur Chitinisierung des 
Cysteninhalts 

•H- * It 


Ind Jom Med Res, XVII 

Page 114 Tested by immeision in a 
solution of 10 per cent of potassium 
liydioMde at body temperature for penods 
of 1 to 60 days, he found that they 
bleached only slightly and were not dis- 
solved 


Page 114 Biug states that Ruge kept 
Ihe'^e bodies in calt solution for about 6 
months and they lemained unaltered 

Page 115 Biug makes the unusual 
suggestion that the oocyst luptures as a 
result of this chitinization of its contents, 
a piocess which he considers of a similar 
nature to the rupturing of the schizonts 
of the malaiia parasites in the body of 
man duiing a paroxysm in a case of ter- 
tian 01 quaitan fever 


» * * 
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I am, 

Yours very truly, 
(Sd) S L BRUG’ 




CORRESPONDENCE— FEEDING HABITS OF PHLEBOTOMUS 

MINUTUS 

TFe have leceived the following from Lieut -Colonel H E Shortt, IMS 

— Ed 


‘ Pasteur Institute of India, 
Kasauh, Punjab, 28th Match, 1931 


Sir, 

It lias been bi ought to my notice that certain expressions used in my 
paper entitled “ Note on the Feeding Habits of Phlebotomus minutus ” appear- 
ing m the January (1931) number of the Indian Journal of Medical Research 
might conceivably be construed as casting doubt on the general rehability of 
the precipitin test Needless to say no such intention existed and, in this 
letter, I hasten to take the opportunity to remove any such misconception 

In my paper I gave the logical position which the very puzzling results 
referred to seemed to bring about but there aie otliei explanations one would 
visli to explore very thoroughly before throwing doubt on the universally 
acknowledged reliability of the precipitin test 

It IS unnecessary for me to add that I have every confidence that the 
methods employed by Col Lloyd, whom I have known for many yeais, aie the 
most reliable to be found m serological technique 


Youis faithfully, 

(Sd) HE SHORTT, 

Lieut -Colonel, IMS' 
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sion of, 1373, see also Lci'^limama, 
Phlcbolojnwi 

ICLiTTNER and Cohens niothod, tee 
animonnim mohbdaic 

LEVUIOSE tolerance curves of, 249 
LVTE RICKET'!, tee o'-tcoinal icia 
LVTIIA'RI'^^I in United Piovincc':, 51, 
fccdinR experiments on lonpi jionies with 
Lnfhyru’^ tatii i/t and 1 icia ttifiva, 51 
LiTHinhS Sirnus trr laflurism 
Lr/i‘'//V lA/ 1, dilTeientution of L tropica 
from pin‘=ite of deinid leitlinianoid, 
105 

LEPERS, serolopical diapnosis of svphilis 
in 707 

LIMI\G, tec dracontiasis 

LIVING CELT S, icc cinchona alkaloids 

LA AIPn-\DEN01D Goitre, toe goitre 


MADRAS dx'onteries of, 110, rat-flea 
tiirvov of, 727 

MALARIA in Bengal, 250, m Cacliar dis- 
trict of Assam, 533, in Cliillagonp Hill 
Tracts, 307, and blickwaler fever at 
Noamtindi, 377, mechani«m of infecl'on 
m children liv mg under endemic and 
hvpcrendemic conditions, 1347, anophe- 
Iine malaria infeclivity siirvov in Cachar, 
533, m lelation to jungle, 259, action of 
opium and narcotinc on, 5, numerical 
prevalence of parasites in relation to 


fever, 871, chronic benign tertian, 871, 
morphologx of Plasmodium falciparum in 
two fatal cases, 221 , studies on enlarged 
malarial spleen, 501, 511, temperature 
chart of children m Chittagong Hill 
Tracts, 367, studies with special reference 

to treatment, S31, 845, p„f°s 3 i 

dosage and duration of treatm“L ^31’ 
influence of strain of parasite 845, rela- 
tion of season to cm e , Indian 

MASTIGOPHORA, intestinal, of 

bull, 1299 

MAYNEI, PMebotomu^’^ 

MEDICO-LEGAL, see st t 
MEGARHINUS, 

metabolism, 5ce b phosphates, 

MICROCHEMICAL, P 


urease 


MICROFILARIA, see filariasis , 

AIILK, Calcutta, cryscopy of, 57 
MINUTUS, Phlebolomus, feeding habits 
of, 1017, 1377, 1385 

AIITRAL STENOSIS, see heart disease 
MORISON’S METHOD, sec diacontiasis 
MOSQUITOES anophehnoi mosquitoes 
collected in Sieiaa Leone, 1133, early 
stages of some Indian mosquitoes 
Mcqarlimus, 1127, field method for 
estimation of salinity of watei in mos- 
quifo-brceding places, 199 
AIORPHOLOGY, see Culicoides, malaria, 
mosquitoes 

MVRIS, BartoncUa, sec anasmia 

A/l CETOMA, a few atypical cases of, 477 

N IM NAIA VEL TRIPVDIANS, see 
venom 

NARCOTINE, its pharmacological and 
thei ipciitic uses, 35 
NICNIC, Phlebolomus, 165 
NfCOBARIC r, Cercann 785 
NOAMUNDI, sec malaria 
NUTRITION see calculus, food 
NUTRITIVE VALUE sec food 

OPIUM, and narcotine in malaria, 5, 
action of in diabetes 15, effect on blood- 
sugar in non-diabctics 1087 
OSTEOMALACIA (Late rickets) blood 
chemistn in, 517, rickets among Indnn 
childicn of school age, 963, distribution 
of, 975, m ICangra, 951 adult spasmo- 
philia in, 969, serum calcium and plasma 
cholesterol m, 517, factors m treatment, 
950 

P SUISEPTICA, see B smseptica 
PATHOLOGY, see colitis 
P ARASITE, see dermal leishmanoid 
malaria 

PERNICIOUS ANA5MIA, see ansemia 
PERSTANS, see filariasis 
PHARMACOLOGY, see narcotine 
PHLEBOTOMUS argentipes, in transmis- 
sion of kala-azar, 1373, haileyi, 821, 
eleanorce, 817, maynet, 195, mimitus, 
feeding habits of, 1047, 1377, 1385, mcnic, 
female of, 165, pimi, 1203, artificial feed- 
ing of, 699, blood-meal investigated bj 
precipitin antisera, 347, Indian species of 
195, 817, 821, 1203, new species and 
records from Afnca, 171 
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PHOSPHATES, SCO ammonium molybdate 
PIGEON PEA, see food 
PISUM ARVENSE, sec food 
PLAGUE rat-fleas and transmission of, 
337, 391, 407, sec also flea's 
PLASMA CHOLESTEROL, sec blood 
PLASMODIUM, sec malaria 
PLASMOQUINE, see cinchona alkaloid's 
POPULATION, see agglutinin's 
'PREGNANCY, sec anemia 
PROPHYLACTIC TREATMENT, see 
rabies 

PROTEIN, see diet 

PROTOZOA in intestines of Indian turtle, 
97, intestinal mastigophora m Indian 
bull, 1299 

PUNJAB heart disease in, 483 

RABIES value of etherized sheep ^acclne 
in the treatment of, 1, dosage of car- 
bolized anti-rabic \accine, 711 
RANGOON sec fleas 
RATS, see goitre, iodine, tlnroid, fleas 
RHODESIENSIS, Anopheles, 1133 
RICKETS, see osteomalacia 
RIVERS, sec water 

SANDFLIES, see Phlebotomus 
SALINITY, see water 
SATIVA, SATIVUS, see food 
SERUM serum calcium, 517, physical pro- 
perties of, m filanasis, 27 , serological 
diagnosis of sj'philis, 707 
SWA CORDIFOLIA, see alkaloid 
SIERRA LEONE, see mosquitoes 
SKIN, see endoerme glands 
SPASMOPHILIA, adult, in osteomalacia, 
969 

SPECTRA, absorption, sec ultra-violet 
SPLEEN, see malaria 
'SPORES,' see 'Black Spoies’ 

STATURE, estimation from long bones in 
Indians of the U P , 1245 
_STERILIZATION disinfection and, studies 
in, 83, 91 

STONE, see unnary calculus 
STORAGE, see vaccine 
SUGAR, see blood 
SUISEPTICVS, see B suisepltciis 
SURVEY, see fleas, malaria 
SYMPATHOMIMETIC ALKALOID, see 
alkaloid ' 


SYPHILIS serological diagnosis of, in 
lepers, 707 

TERRAIN, sec filarmsis 
THERAPEUTIC u'^cs, see narcotinc 
THYROID iodine — content of, m albino 
rats, 5G3, estimation of iodine in albino 
ruts, 557, effect of high protein diet on, 
CIO, size of, in albino rats, 553 
TOLERANCE CURVES, sec blood 
TRANSMIS'^ION of Indian kala-azar, 
1373 

TREATMENT, sec m'llnria, osteomalacia, 
rabies 

TROPICA, sec Lcisfiinniiia 
TROPICAL DISEASES, sec iiltra-Molct 
TROPICS, see colitis, water 
TURTLE, two intestinal protozoa of, 97 
T1 PHOSUS, sec D typhosus 

UTjTRA-VIOLET, see absorption spectra 
UNITED PROVINCES, endemic goitre 
in, 1059, htlnrism in, 51, stature of 
Indians in, 1215 

UREASE, microchcmical method of locat- 
ing, in tissues, 79 

URINARY CALCU1.UB chemical com- 
position of, in. cattle, 935, m rats, 599, 
the 'nucleus' of, G13, further researches 
on stone, 903, iinnan colloids in pre- 
vention of stone formation, 275 
URINARY EXCRETION, see goitre 

VACCINE dosage of carbolized anti-rabic 
aaccinc, 711, influence of age and tem- 
perature of storage on the strcngUi of 
cholera rnceme, 527 

VARIATION, bacterial, see sursepUcus, 
typhosus 

VEGETABLE, see food 
VENOM of Indian cobra, experimental 
investigation on action of, 1113, action 
on protozoa, 1103 
VJCIA SATIVA, sec food 

WATER Eijkman’s test applied to water- 
supplies in tropics, 1177, electrical con- 
ductivity of Bengal waters, 71, a field 
method for estimating salinity, 199, 
vibriocidal power of water of certain 
rivers of India, 361 
B'ELLS, liming of, see dracontiasis 




